WD 2004/ 000765 PCT/ US20UINS1b7Th 1 METHOD AND APPARATUS F@%@ﬁ
DECOVPCSI WioQHo4BNRIRODUCTS | N A METHANOL TO OLEFI N REACTORCBW: 1 D OF

THE | NVENTI ON [ 0001] This invention is to an apparatus and net hod for
reduci ng net hanol deconposition byproducts in a nethanol to ol efin reactor
system BACKGROUND OF THE | NVENTI ON [ 0002] Light olefins, defined herein as
et hyl ene and 1S 6 r ' r ous

| mport ant che%@gﬂ@l%&\%Wn‘%@qufgﬁ?{i{g])e[??ﬁgatl?g i %@aﬁqwaﬁ pr oduced
by cracki ng pRYPRODUCTSIN A BEENANOL TOWOLEFIN REAGTOM SYSTEMSscal ati ng

- cost of petroleumfeeds, the cost of producing olefins from petroleum
sources has increased steadily. Efforts to develop and inprove ol efin
producti on i leul arly light olefins production
technologieggﬁggggﬁ%gggggggiﬁﬁgoo3] The petrochem cal industry has known
for some tipe0lpat TidygeRatiesis eapappahtuy and GetlekdSor Adlaciag medlidnobl e into
light olefin(s). There are nunerous technol ogies available for producing
oxygenat es f4FeMPAFHED bEPIednetain ametignol tepdefinpieagipr s\sifmesi s gas derived from
natural gas, petroleumliquids, carbonaceous materials including coal,
recycl ed plastics, municipal waste or any other organic material.

Ceneral |y, BA€KHGEROUND OF THESWUHENTIGN gas i nvolves a conbustion reaction

of nat ural &’%s nostly nethane, _and an oxygen source into hydrogen, carbon
monoxi de anf¥082) car bbightipleliny defingrhipaeings sHviae sRd prapyéaseservade wel | known,

and i ncl ude ' q@brﬁ] ] I L N or a
conbi nat i onfet%ﬁgir{ogg& &P%%i)]tn tF-{%(g{s%?ﬁga%%g%gsgﬁglpgbﬁgﬁg'%r ti ght olefin
pr.oduct i on, olefins tryditiondilyyars priduesd Teckaékingptinalenatfaddst iBecawaot tlen of

hydr ogen, carbon nonoxi de and/or carbon dioxide in a nethanol reactor in
the presenceémited suply apdgsaleng cog of apyaeum tepdshe 6pstet Profusg synt hesi s
process net ' | N | in a

wat er - cool eﬂ@ﬁ%ﬁ‘@ﬁﬁ@?ﬁ%ﬁ%ﬂ‘“‘%&ﬁ% g}c?&%ﬁie)ﬁéé)dﬁ%’f e%r@eﬂ(fqrsrg?ﬂée{%?@%onver si on
process is gapevablefinpeddictien tdchnalsgias, maithateoly-light olefins production

technologies, have increased.

[0003] The petrochemical industry has known for some time that
oxygenates, especially alcohols, are convertible into light olefin(s). There are
numerous technologies available for producing oxygenates including fermentation
or reaction of synthesis gas derived from natural gas, petroleﬁlﬁ liquids,
carbonaceous materials including coal, recycled plastics, rnunii:ipal waste or any
other organic material. Generally, the production of synthesis gas involves a
combustion reaction of natural gas, mostly methane, and an OXygen source into
hydrogen, carbon monoxide and/or carbon dioxide. Syngas production processes
are well known, and include conventional steam reforming, autothermal
reforming, or a combination thereof.

[0004] Methanol, the preferred alcohol for light olefin production, is
typically synthesized from the catalytic reaction of hydrogen, carbon monoxide
and/or carbon dioxide in a methanol reactor in the presence of a heterogeneous
catalyst. For example, in one synthesis process methanol is produced using a
copper/zinc oxide catalyst in a water-cooled tubular methanol reactor. The

preferred methanol conversion process is generally referred to as a methanol-to-



| QOEC 2006 WO 2004/ 000765 PCT/ US2003/010778 ol efin(s) process, where
met hanol is converted to primarily ethylene and/or propylen @—%
ioﬁ'sﬂg )

presence yf @ migeul ar sieve. [0005] In an oxygenate tG.&
reacti on system a feedstock containing an oxygenate is vaporized and

introduced into a react or. Exenplary ®»xygenates include al cohols such as
nmet hanol and et hanol, dinethyl ether, rret hyl et hyI et her, methyl fornmate,

and di nmet hyl car bonate. In a methanol ﬁﬁgl efin react i on system the
oxygenat e- SKHNE) BrofgsT adiss BEaneldr Gore ﬁ%aﬂman y frthyltea%al?cgarct or, the

nmet hanol @?@,&%ﬁ u?t}fe r@é%%& gﬁqecgggg;e%ons effective to create desirable
cu

| i ght ol ef yp! cal Ssieve catal ysts have been used to
convert oxy@edsht e chnmummnm tobmffinr(S)T(&rbacamlsymemoptﬁeBIpﬂoake ( SAPO)

nol ecul ar sieve catalysts are particularly desirable in such conversion
processes CHRAEMAZEAT PEigenpte W@ﬁ’n&e@@} trpé@qdﬁntor?ereﬁaphahww et hyl ene

and propyl %ﬁg%eng{eg%?c%dé c &lﬁ/BJc ngég 1RrbF4 t Aharitf i Qgg %§'n'i i

byproduct s roug react1 ons. e nmetals in

convent i onathyl ehet, meth)wabhﬁatemndahmemgl cabalayysth eimemaﬁolqt) oieﬁne si de
reactions. |If the nmethanol contacts the netal reactor. wall at sufficient

t enper at ur MY rpactiva sy slem;, e GuerRattEoHaNNgcedsiorkdpeludes Belardsi r abl e
met hane angh e LA IRYREALHS! Dok QAo Y BREIEhaiBRIBIE AR S oRBIMT O

reactor is undesirabl Severa reasons I nCreased 1 nvestnent is
requi red t desiegbdy agle odefihst a@pmtlyhhelecmmpsnammayits havebrendesd toed | i ght
olefins. Additionally, as nore_ by ducgﬁ are _forned, I ess (i)l ght ol efins
are synt heSPR¥A! ONNEEBIA SPMREFRLS, tC‘to ng, gHirepiugHReRhospRAY

undesi rabl g, Qﬁgﬁss?%e al: éarg‘fﬁlqlchf%ﬂ?%ﬁmgmt Rk gﬂﬁﬁoﬁg yzge%g)r oducts.

Further, alt ative“concentrations o cat si de
reaction byecadediey aa¢ bighbnesiakivy e fembaoion oﬁ‘leﬁaydmieahdqalnmmﬂﬁneof byproduct s
produced o

fecrease _dPOBIE mi ok & SOHEA Y ROHERTE BFBy BROTIEEE BRI Bact or yst em
bassi vat i g t B e S R D o e, ot o of
undesi r abl evdilppnaycast as citalysisén pemoit mere skbrreactzomp! & thd apshasbedrdaals Qpen
Pat ent the metal reactor wall at sufficient temperature and pressure, the methanol may be

converted to undesirable methane and/or other byproducts.

[0007] Byproduct formation in an MTO reactor is undesirable for several

reasons. First, increased investment is required to separate and recover the

byproducts from the desired light olefins. Additionally, as more byproducts are

formed, less light olefins are synthesized. In other words, the production of

byproducts is undesirable because methanol feed is consumed to produce the

byproducts. Further, although the relative concentrations of metal catalyzed side

reaction byproducts are generally quite low, the total amount of byproducts

produced on an industrial scale can be enormous. Thus, it is desirable to decrease

or eliminate the synthesis of byproducts in an MTO reactor system.

[0008] Sulfur-containing chemicals have proven effective for deactivating or

passivating the metal surface of a reactor thereby reducing the formation of

undesirable byproducts in the reactor. For example, Japanese Laid Open Patent

Application JP 01090136 to Yoshinari et al. is directed to a method for preventing

decomposition of methanol or dimethyl ether and coking by sulfiding the metal



Appl i cation JP 01090136 to Yoshinari et al. is directed to a mef Add{fi6H
preventi ngwodee@apasi tion of nmethanol or dinethyl ether areresdoingobn
sulfiding the metal 1 9 DEC 1076 WO 2004/ 000765 PCT/ US2003/010778 3
surface of a reactor. Mre particularly3? the nmethod includes reacting

met hanol and/ or di rret hyI ether in the presence of a catalyst at above 4501
Cin a tubular

[or . Ni.ck stai nl ess steel. The
i nsi de wal | Sfﬁfa?an TSQ‘E}P{) ﬁ:{’ée g?lﬂlﬂ% q&i ]E”ﬁthz?d ﬁﬁ%ﬁdaa%’éﬁn%@m@r bon
di sul fi de, %@fo?gﬁﬂetﬁy]%ér'lﬁi%e Isa{eséﬂcérsfmtanilgm'ageve £50ict PPAbLlar @ sul phur
-.conpound rmay be added to the feed 1000 t hough passivating chem cal s
have proven reddi@ahadesofi Imlranﬂmmgkelrmtsmﬁnlesatsweyz’éﬂe sistlle wabhefithons, the

i ntroduction of dea ivating or passi t|n ch i.ncre roducti on
«cost s becaus’éactt‘?fé%éugé"ﬁ% é‘g 35006’?&[“193 SP“W&%M ‘Hﬁg‘? i’é’ér%’&ﬁg fé“% fromthe
desired pro n nﬁ’:ﬁ% r
reduci ng thgd*(agrpﬁ%wr%rl]ﬁ% %@g@fiﬂ&l%sﬁ b dﬁ?&?gactl on yp?&g]\j?%és(p in an
MIO react or [8082]lem whltteugh prsdl vating chdermcakséla@é pobevan effeaiveng reducpassi vat i ng
chem cal s. SUWARY OF THE | NVENTI 100101 The. present invention includes a
met hod for mRKPHGalweed 2 HRactngdhe ﬂml‘quFH%’{hOf?ﬁF?ﬁ%Y?é‘P& L BATSEYHNBg f eedst ock
i ncludi ng di dgaidang; Itaﬁsefsgﬁ A6l coltbaER eleamiaile Al pARIBRZZ] € havi ng

an inner surface an bei ng connect ed preferably attached, to an Mro
reactor. Th emimr’merselwatédtﬁelmﬂletdhammzd@t| Shusaineedexietd fat a methedpadat ur e

bel ow 400 C, ref erabl y bel sl.y bel ow 30 nor e
preferably Efgr @du%‘\‘?eﬁl“rg’r“@a“?ﬂ @?tgg?i\}g Léo?}\gez’@ﬁc@‘bl?ypﬁ’b(glc Sy ef erably
bel.ow 150 C. ;nm%mtﬂemmaéﬁem whitt Hﬁh%ﬁnﬁi?m}%cﬁs\e%gdeédﬁv’éfﬁ?% beptiOht

feedstock with a cat al yst “under conditions effective to forman e Iuent
conpri si ng |dhghticald.efi ns. The present invention provides the abili ty to
produce light olefins while reducing or elimnating the production of netal
catal yzed side reaction byproducts in the feed vaporization and

i nt roduct i onsi(¥h A RSYSFErHE TR ERMIO8ystem i s the region of the reactor

system begi nning at thée point that at |east a portion of the feedstock is in
a [0601 The present invention includes a method for making an olefin

product from an oxygenate-containing feedstock including directing the feedstock
through a feed introduction nozzle having an inner surface and being connected,
preferably attached, to an MTO reactor. The inner surface of the nozzle is
maintained at a temperature below 400° C, preferably below 350° C,
advantageously below 300° C, more preferably below 250° C, even more
preferably below 200° C or most preferably below 150° C. The method also
includes contacting, in the reactor, the feedstock with a catalyst under conditions
effective to form an effluent comprising light olefins. The present invention
provides the ability to produce light olefins while reducing or eliminating the
production of metal catalyzed side reaction byproducts in the feed vaporization
and introduction (FVI) systemi. The FVI system is the region of the reactor
system beginning at the point that at least a portion of the feedstock isina
vaporized state and extending to the point that the feedstock exits the feed
introduction nozzle and enters the MTO reactor where the feedstock contacts the
catalyst. As the resulting light olefin stream contains less metal catalyzed side

reaction byproducts than is produced in conventional MTO reactor systems, olefin




vapori zed state and extending to the point that the feedstock exits the feed
i ntroducti on nozzl e and enters the MIO reactor where the feed$t®dkifpntacts

the cat ,4/06},%4 he resulting light olefin stream contphiish@f5oRt al
catal yze reacti on byproducts than is produced in conventional MIO

react or systems olefm1 9 DEC 2006 W 2004/ 000765 PCT/ US2003/010778 4
separation and purification costs can be reduced. The resulting purified
olefin streamjs particularly suitable, for e as,a feed in the manufacture

of pol yol ef§paEationfand puritisgigen ¢estean e redysed. nWEﬁf‘vaB%“H@ad olsHmi onal Iy,
i ncl udes cgol ,ng ;ﬁ%:h&%ﬁ% sift an?erf%ﬁ a8 £ nf%@&ﬂ 88 Phanatic &Sg‘?ﬁfg&g% '%ﬁné‘ozz' e wth

a cooling system zz one enbodinent 1s a

al ternati vl 1j ackepeditivinttly ahe irdvertingl mythom,soﬂtmmlﬂqg mtﬂt:@amcablmg/\hu ch is
selected fromthe groyp consisting of fir brick, .alumna bricks, silica
bri cks, mafd é‘sﬁP‘é“BPPgRlée INpef SYHacTRIithk Bozzg pithrfFooling By b Peks, zircon,

zi r coni a, hoL3L 6F 6&@emﬂbcﬂ§1ehﬁ%8&1%hﬁlﬁz &%@Hﬁ%@%h&%{eﬂ w:ltlfiix um na and

silica-alumna ceram cS, di atonaceous - silica ers, calcium
car bonat e, ttmmha]ly:msslﬂtﬁgtmtex@mh]ehe,segﬂcmslsfrorgrtm«grtoap comsiding of fireer al  wool :

por cel ai n, portland ce e stone, gunnite, and ot h refractory
material s WFLt r?‘ﬂ’ﬁ%’é‘lb& ?rgSl W}é’éﬁf imagnese b 5&81 ¢reme Pricks § ?lﬁ?li’ ng materials

which are r t tion, see
ot 1 of oum CHBERRE Aftoh 008 RRAS HERen Amb Bl AR SBMER O™ b or aw
H |l Publ ekingns andLaﬁza-ammﬂaaéfamms@mmacm sRodze cémehts, Palersy, Perry's

Chem cal Engj neer s' Handbook, 7. s Ed., 1997, . 11-68 to 11-74, both of
whi ch are Ci?lﬁt%rr pEPaREE %@q‘ [uligte.copgReie, glass, @@ilt?na}ﬂrlg}e TR@eRah ¥R | v

i nsul ating gﬁrgl £l ?:Jorﬂ%'fea @frenftPubfidsShom, g@ﬁﬁ:ﬁoan@&h@ﬁeﬁ%ﬁw Rktep@lst i on of the

nozzl e ext ng ‘i nsi the "MIO react©6 /or at |east portion of the
ext erior  povithinsulating pepaiez! Eor @iditend nguletms mlerizlevhifiDareeact or .- 100121
The invention is also dlreﬁag:dt rraln an,ol efin product

t ho
from an oxyeRFEed &hoas tB%Rre?WgI“&YﬁnH@ndﬁeF EIPiY™ he f eedst ock
t hrough a W@&sﬂgzy&dﬂ%}! RE. W NAAZ\LarddSTRE DAL HsEn NIEGRSY B9y att ached .t o a-.

MIO reactor, whefein at |'east a portion of the nozzle is covered by a
thermal |y Publlshers 1967, p 4-137 10 4-147, and Robert H. Perry, Perry’s Chemical

Engineers’ Handbook, 7" Ed., 1997, p. 11-68 to 11-74, both of which are

incorporated herein by reference. Optionally, he thermally insulating material

covers at least a portion of an interior portion of the nozzle extending inside the

MTO reactor and/or at least a portion of the exterior portion of the nozzle

extending outside the MTO reactor.

[0012] The invention is also directed to a method for making an olefin

product from an oxygenate-containing feedstock including directing the feedstock

through a feed nozzle having a nozzle temperature and being attached to a MTO

reactor, wherein at least a portion of the nozzie is covered by a thermally

insulating material as described above. The method also includes contacting, in

the reactor, the feedstock with a catalyst under conditions effective to form an

effluent comprising light olefins. Optionally, the thermally insulating material

may cover at least a portion of an interior portion of the nozzle extending inside

the MTO reactor and/or at least a portion of the exterior portion of the nozzle

extending outside the MTO reactor.



insulating material as described above. The nethod al so i ncl udpg;sgg nfggcti ng,
In the redotnox/00ee feedstock with a catal yst under condidivus?ss BS8tive to
forman effluent conprising light olefins. Optionally, the thermally
insulating material may cover at |eastda portion of an interior portion of
t he nozzl e extending inside the MO reactor and/or at |east a portion of

the exterio tion h ' .Sl de or. 19
bec 5006 WIUBE! 4 ofunbrinRRgERofi BEUR I UiE £t RECNIR AAREROT . & O

ot he presentai aM_ﬁﬂgairmfd ﬁgm ajﬁc{(ﬁj@dnelftﬁgpmhﬁlﬂggfemtdﬂkﬁﬁélﬁ?mggﬂhl\iﬂgkﬁlﬁ om aﬂ _
oxygenat e- cont ai ni ng feedstock in¢luding heatjng, t eedstqck in a heating
device to f ﬁ&tadh@a&l@&tméé@%&f nmr?ehqaté‘étf@ﬁismbdgﬁsélﬁatﬁ%?eegﬁpelased t hr ough

.a feed “Ozzhilcr‘eé?éa’ﬂ'h% d¥3éd hg@fﬁ&;ﬁ{;}%‘é gpﬁ%ﬁﬁ%ﬁ@g a\‘};}\nﬁ :bﬁﬁng%ﬂa&f%d g Mo

reactor. At TeaSt a portion e1s cool1'ng system
The nmet hod aMDOirewtardes iesnt aottiondf thamddak: is eadedwithtamoliegdpttank W th a

catal yst upnder conditions effective to forman effluent conprising |ight
ol ef i ns. m?ﬁ%ﬁ?&iﬁ@@,al% leewri?w%lamnéweeﬂphéh%%féﬁt%ek WHh alk2agsHi r ect ed

into the MI : Bl Ol ' h% 68010 t he feedstock.
100141 A fuﬁl%%rgg%ggnl rnerﬁE ?éég?@hggﬂgg%{j%ghgﬁ %IF\%H?n product from
an oxygenat ©ptionilhi, aicagliigmddinocdoolsntk wdzzlieg whicle stdiregtedhintofireNEi@ck t hr ough

a feed introduction nqzzle_ having an.inner ?urf%%e %nd bei ng attached to an
MIO r eact ofeactrR e thegorling mediume Bi¥saeibs fF46ce. preferably bel ow 350

C, advanta ly b '?E]Wl imPR;iE (VAR aTeY %lﬁé'? d @[\fﬁﬂnrmre
preferably gg‘lag\fv 200g orlgrn%g?(ﬁﬁ?]e elr g%ﬁé;lf]ﬁil%ov]\?éll%ﬁ% | grgtﬂe eedst ock.
i's. in the anppxygnaterconbening deddstock irnvdudieedistctiol thofeedstock thremghal yst under

conditions _effectjve to forman effluent .co | sing . light olefins. This
enbodi ment A9 MEoRCAR PPFAE NP EP ST SHEEC 40 BPRE AreRd e M3 e with a

thermal |y i syl At hig feeggtg_% isaﬂaaiﬂ&%éarbejfrcﬁgh?%,?refe% bAoRaIsphen of the

nozzle with a cooling lum  10015] tion i's al so dirécted to-a-

met hod for mékintgeasipbelbwB0eQduat plefarblgrbeivy g&dtat eevennicaae ni ng f eedst ock
including directing the feedstock through a feed introduction nozzle having
an i nner suPfdereblrt!laeilfe” Gtor aued @referably below 150° C while the feedstock is

in the nozzle. In the reactor, the feedstock contacts a catalyst under conditions
effective to form an effluent comprising light olefins. This embodiment may
inciude insulating at least a portion of the nozzle with a thermally insulating
material and/or cooling at least a portion of the nozzle with a cooling medium.
[0015) The invention i_s also directed to a method for making an olefin
product from an oxygenate-containing feedstock including directing the feedstock
through a feed introduction nozzle having an inner surface and being attached to _
an MTO reactor. The nozzle is maintained at conditions effective to produce less
than 0.8 or 0.4 weight percent of metal catalyzed side reaction byproducts
excluding CO, CO; and H,. Optionally, the conditions are effective to
substantially eliminate the formation of metal catalyzed side reaction byproducts.
In the reactor, the feedstock contacts a catalyst under conditions effective to form
an effluent comprising light olefins.

[0016] The invention is also directed to a feed introduction nozzle for an
MTO reactor including a generally tubular member including an exterior portion

oriented externally to the MTO reactor and adapted to receive an oxygenate-



an MIO reactor. The nozzle is maintained at conditions effective to produce
less than 0.8 or 0.4 weight percent of nmetal catalyzed side r%Bich ?ﬂﬂg

bypr oducty, zﬁﬁg,[,‘tbgg ng CO C2 and H2. Optionally, the coediid06s1dFR
effective to substantially elinmnate the formation of nmetal catal yzed side
reaction byproducts. 1In the reactor, ¢ he feedstock contacts a catal yst
under conditions effective to form an effluent conprising light ol efins.

100161 The invention is also directed to a_feed jintroduction nozzle for an
MTO r eact ofontgidingdieadsterky anrbarpinteyior potticarorieatasewithin dhe M T repstasepér i or

D ygenat e 1R BHE AR slb o llEe R BRSO T BT 28 bt RE7 o "
f eedst ock, fa@iidain ldastiarpagifof R Aidrirally Midubiing natktidl] £ dderibdiAboeact or and

adapted to deljiver the feedstock to the MIO reactor._ The nozzle includes a
jacket  f opereaingtat lesgiy p‘?rﬁobafEhEcgen%rallh&hwWemh@u| REIHECHBABCPYRT, as

descr i bed BPRYE . P! 19, RbidrRHo aRRL: RASPL pLiSy QPR Bl Ubu! ar

menber. The | a portion e interior portion

and/ or at beﬁﬁ)ham@géﬂequﬁba]ﬁﬁnembam or portion of the generally tubular
menber. 10017] The invention js also directed to a feed introduction nozzle
for an Mr&Hdhct or Thaargatienyisalyo dizrcteddpardesd iptroduasionnozgierier amdapt ed to
receive a f eedstock to
[hoe L MOTRIR MR D5 AII 8 FOREARE IS LRe f eprt ook |
general |y teddsioak fmnbﬁéatmgraidwcs andlapddivet hedoaistdchao th'ezMr]E) feactar.t enperat ure
effective to substantially elimnate the_ production of netal catalyzed

si de-r eact %W%‘}aﬁr%%@t@"em%leﬁﬁzaﬂ@m%&f‘ﬂhF Aest pgrerglly sdnulargnaykerem having a
second gen | I r first generally
tubul ar ne @i Qﬁaq{éﬁ#{)?é?lqg{:p SE@%#&%%&%E |‘%§0%§g£?gﬁﬁ§ ori ented about
a central akmnamﬁfeqbydmmbh n'f ngtal omelyzedsideutation bppadutts, Taadoxder ei n t he

i nner conduit i da t(Ied to ﬁel ve the feedstqgck .and the d&t] conduit is
adapt ed t o “FeE¥ 18%6‘1’%“% AUBE AfFcoPdEcREARY &bgF MAEPY R 1288 out | et

i nsi de the MBQtéﬁﬁ&ﬁ ﬁ{ezfﬁ—g@&: &q]l%?Ttﬂfléx%émlBé?eth%%Ha‘ﬁgs d‘iﬂ%ﬂaﬂé the MIO

reactor. AI so, the nozzle Tan i'nclude a jacket Tayer forned at east in part
of bemg coaxially oriented about a central axis thereby defining inner and outer

conduits, and wherein the inner conduit is adapted to receive the feedstock and the
outer conduit is adapted to receive the cooling medium. The nozzle may mclude
an outlet inside the MTO reactor adapted to direct the cooling medium into the
MTO réactor. Also, the nozzle can include a jacket layer formed at least in part of
a thermally insulating material as described above. The jacket layer may cover at
least a portion of the cooling system;
[0018] In another embodiment, there is a method for making an olefin product
from an oxygenate-containing feedstock, comprising:

(a) directing the feedstock to an MTO reactor through a feed introduction
nozzle having an inner surface and being attached to an MTO reactor;

(b) maintaining the inner surface of the nozzle at a temperature below
400°C; and

(c) contacting, in the reactor, the feedstock with a catalyst to form an
effluent comprising light olefins.
[0019] In yet another embodiment, there is a feed introduction nozzle,

comprising:



a thermally insulating material as described above. The jacket]d ayenjpay

cover at gasl;doRertion of the cooling system [0018] Igrnahixahorrs
enbodi ment, there is a nethod for naking an ol efin product from an

oxygenat e- cont ai ni ng feedstock, conpristng: (a) directing the feedstock to
an MIO reactor through a feed introduction nozzle having an inner surface

and being attaches to an MT% reactor; Eeb)aégai taining the inner surface of
the nozzle at a « r‘?ﬁ%ﬁ‘a@%@ Bdp mepest Htegéw‘&sme eedstpckitipit Ae react or,
t he feedsto ' 3 f . : ki Sl ight ol efins.
10010] 1y B R o B < e T AR

conprising: 19 DED) 200@1040y20040007S 5t IPGT /A S0BBThO iV gefferally ) a first
general ly tubul ar ne d to,receive a feedstock froma heating

_ t%,l er dgga t ‘ﬁ r{f
«devi ce and _ttB R FRPETAR ?188 i ool S ngzriedy aﬁ%‘@ﬂ?ﬁ“&‘é‘ke %C_"é’elt‘éact or, and
(i) a cool ighPseHRiI§BLEANRE HehradudiBadr bepRahit Amilknd Readibist wpgner al |y

tubul ar nenber and adapted to ‘cool the ndozzle to a tenperature effective to
subst anti al Inpzdki m nate the producti on of byproducts while the feedstock is

in said no . 10020) In vet anpther . enmbodj.ment described herein, the
cool i ng systzléhfﬁ]con_g? Yé@go’gg’é@eg‘?fgmﬁ%@sﬁqlq’% herei 'gF Cﬂ‘élmﬁesrysﬁf“ | ar ger
di amet er th%nip@%eéf 4 §kbnd g&ﬁ%@ ﬂuﬁulfayﬁl‘élrﬁ)%rmdiah&%erfth&%e%ﬁ‘ﬁ second

menber s bei ng axially orientéd about a central axis thereby defining
i nner and ougeseralp hdwmilarsyperiral, thh irgiand st@ndimereberes beidgicoanistpotagtesid t o

receive thef&)eedstock and thﬁﬁ? %nger conduih i?Féada t.ed dtso recejve a cooling
medi um  1002PPU heedfra] £xi5 HiSTohe AeBRmedRRE fnd oPfrs CRRBI P RTER O mpri ses a
jacket fornReerabnd@tstadie®@® feclhe thel fREINEIK dhditRS bhtet éddAuiTed &lapRl covering

at least a portion of the generally tubular nenber. [0022] According to one
or nore enbddirerehtes: ehediog ikpdthther ei n, the inner

{6021} In still another embodiment, the cooling system comprises a jacket
formed at least in part of a thermally insulating material covering at least a portion
of the generally tubular member.
[0022 According to one or more embodiments described herein, the inner
surface of the nozzle is maintained at a temperature below 350° C, preferably
below 300° C, more preferably below 250° C, even more preferably below 200° C
and most preferably below 150° C. ;
[0023]) In yet another embodiment set forth herein, the feedstock is maintained
at a temperature below 400° C as it passes through the nozzle.
[0024] In still another embodiment disclosed herein, the feedstock is
maintained at a temperature below 350° C, preferably below 300° C, more
preferably below 250° C, even more preferably below 200° C and most preferably
below 150° C as it passes through the nozzle.
[0025] In another embodiment disclosed herein, there is a further step of
cooling at least a poriion of the inner surface of the nozzle with a cooling system.
[0026] In another embodiment disclosed herein, the cooling system includes

. an outer conduit placed around the feed introduction nozzle, the outer conduit

being adapted to receive a cooling medium.




surface of the nozzle is maintained at a tenperature below 350 C, preferably
bel ow 300 C, nore preferably bel ow 250 C, even nore preferabliyd DEl @8 2001 C

and nost v efglaPky below 150 C. + [0023] In yet anot hgicyandeshdighg set
forth herein, the feedstock is maintained at a tenperature bel ow 400 C as

it passes through t he nozzle. [0024] I% still another enbodi nent discl osed
herein, the feedstock is nmintained at a terrperature bel ow 350 C,
preferabl y bel ow 300 nor e fera I ow 250 C, en e preferably
bel ow 200" WIBHE ogtePBeEpphoSperadde dhssnite Birelhds o WAdugh ¢ ho

nozzl e. logg{%}mg,ﬁ‘hcﬁ hR&m zﬂ'ﬁ@&@l%ﬂ%ul?f ﬁ%ln‘a?e?ﬁl herein, there is a further

step of ol 1 ng” at east a portiron o e | nner surface of the nozzle with
a cooling {028pm Inldili2ibthenembodinent, ¢hdiheimaly inculsthpsmteriabisei n, the
cooling system ncludes an outer conduit . placed ar und..t he . feed

i r oduct | SHISHE HPE e e RoBs ST ATE Prisk) HgTiRpaikd: SHoR BidkSve a cool i ng

medium 1 n@lag!':r&n%%q ks, 46@%7§ﬁcgﬁdrﬁ§§%?éfxg JA}ZJ@ zu‘gomgtoﬁn?széntlen still

anot her ment di sclosed hereint e 1I's at Teast " partially
j acket ed whigh tmnphletumlch]ymnnshbae|amgnnmtaad|sdica aﬂlﬁﬁi:ﬁa]ceﬁam:ssu | I anot her

enbodi nent, .t he ther i nsultﬂlile ter| %_jel ect from t he group
consi sti ng B‘fom?"re@“‘b 18% Ce’é?’i‘fﬁa "Err‘ia Wn cay Oi“Etﬁ ?IE‘R’SS“ Wa@‘?ﬂ%‘? ®e bricks,

chrome brigise ofhdile ﬁftsa@rn%gﬁl Qiobg drce éﬁ larfd deRRRA, %rﬁleéﬁsﬁé'te hi gh

t enper at ur cEITIUN si 11 cate, al um’ha an i ca-al um’na ceram ¢és,
di at omaceouasd gudnitea, cenents, fillers, cal ci um car bonate, cal ciumsulfate,
rble, mne Wele) | ai ortland cenent,

concr et e, ran|te orc
Pumi ce storh@ﬁiand mqémga@@?@idﬁsﬁoé Her: @ﬁﬁgﬂ'ﬂ?gﬁtmsﬂ’l‘aé fosed herein,
the ther mHaxeﬁmgHb&E 'aﬂgasé gﬁhﬁéﬁ%J"po?ﬁ’é{r%ﬁth@tnokﬁ@%heﬁ@in% R<edd RE t ion of

t he nozzl e extendi ng 1 nsi reactor yet anot
enbodi nent rghickal osed herein, the interior portion of the nozzl.e. V\/m chis

. cover ed by [6&%] t hefnn}?elt laxotherse%ggdlmgnt%sc?ggeg heFe)lgltn, éj 1511t<=|::r1nosr pgrtlon oei'the
nozzle which is covered by the thermally insulating material extends inside the

MTO reactor.

[0031] In still another embodiment disclosed herein, the thermally insulating

material covers at least an exterior portion of the nozzle extending outside the
MTO reactor.

[0032] In another embodiment disclosed herein, the exterior portion of the -

nozzle which is covered by the thermally insulating material extends outside the
MTO reactor.

[0033] In still another embodiment the feedstock is heated 1n a heating device
before the feedstock is introduced in the nozzle.

[06034] In still another embodiment, there is a method that further comprising
the step of cooling the feedstock by mixing the feedstock with a cooling medium.
[0035] In still another embodimeﬁt, there is a product effluent obtained or
obtainable by any of the methods

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] This invention will be better understood by reference to the Detailed

Description of the Invention when taken together with the attached drawings,

wherein;



.Descri pti on ope efbedipippb At the Pregeahiny emim;

MIO reactor. - - - [0031] In still another enbodi nent disclosed herein, the
thermally insulating material covers at |east an exterior fgdbio#pf the
nozzl e exteldidithediksi de the MIO reactor. [0032] |n anothgfEiRadhARnt
di scl osed herein, the exterior portion of the nozzle which is covered by
the thermally |nsulat|ng materi al extends outside the MIO reactor. [00331
In still another enbodi nent the feedstock is heated in a heating device
before the feedstock is introduced in the nozzle. [0034] In still another
enbodi ment , [#&¥e iEizal dbisates pflaw disgrare pf & Bgpiansl p@lefimsagipesyssm cool i ng
the feedsto | cooling nmedium [0035] In
SerBpTipding: 43 BEARE Rf¥QUELR0A

still anothér ere is a product effluent obtained or

obt ai nabl e t[y[mi]y oﬁgth@llﬁ@htb@d&@ﬁbﬁ&k@&ﬁg&m%%d@m [ 0036]
This invention will be better understoodggg reference to the Detail ed

ether with the attached .draw-ngs;

wherein: 1 Goir 2096 Y0, 20004000708 RGTLMPAOPHE Ll8er Sy obORRLEFT 0. |

illustrates ow di agr am o P SYys i ncl udi ng

t he FVI SyStveJI[h adither Bmbbiithent af therpreskd0dSentidny. 2 illustrates a nozzle
j acketing configuration in accordance with one enbodi nent of the present
I nvention; and [0039] Fig. 3 illustrates a nozzle jacketing and cooling

systemin afﬁﬁ' | ﬁmmw the present invention.
DETAI LED DES r%@@@@# E—HNVENTH present invention is
directed to [0e40)ci nFheprestntinveationgs difeted o radicinporadiniinitalg that al yzed si de
reaction byproducts I n reactor systens, and in particular, in nmethanol to

ol ef i n (Mrofopeaiangy “ﬁ’%t“é‘??éyze@ﬁéjﬁ rgaqtpg&ypg@pgcts 1P EQAEQF AYFIRS 3%¢ #enat e such
as met hanol ﬁ?ﬁ&ﬁﬁ} o RetiBidtho 8%?&1%&&0)% efctor gﬁﬁn{s.eaﬁf)é?{ a feedstock

including an oxygenate such as methanol contacts a metal surface, e.g., the reactor

walls, at relatively high temperatures and pressures, the oxygenate decomposes to
form the undesirable byproducts. The inventors have discovered that in addition
to metal catalyzed side reactions occurring on reactor walls, metal catalyzed side
reactions may occur before the feedstock enters the reactor. Before entering the
reactor, the feedstock passes through a FVI system wherein the feedstock is at
least partially vaporized by one or more heating device(s), is passed through feed
line(s) to a feed introduction nozzle, and is introduced into the reactor. The inner
surface of at least a portion of the FVI system may be formed of metal which
absorbs heat from the reactor volume thereby creating conditions in the FVI
system which are conducive to the formation of metal catalyzed side reaction
byproducts. As used herein, the term “inner surface” is defined to mean a portion
of the FVI system, e.g., the feed introduction nozzle, which contacts the feedstock
prior to its introduction into the reaction unit.

[0041]  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. The method includes maintaining at least a
portion of the FVI system, e.g., the inner surface of the feed introduction nozzle,
and/or the feedstock contained therein at a temperature effective to reduce or

eliminate the formation of metal catalyzed side reaction byproducts in the FVI



wal I's, at relatively high tenperatures and pressures. the oxygenate

deconposes to formthe undesirable byproducts. The inventors @
di scover egdd aadndotssaddi tion to netal catal yzed side reagg'ﬂ? %UQEEAJ'Z%& ng on
e e

reactor walls, nmetal catalyzed side reactions nmay occur oret
feedstock enters the reactor. Before gpntering the reactor, the feedstock
passes through a FVI system wherein the feedstock is at |east partially
vapori zed by one or nopre heating devi ce(sa, i s, passed through feed 1ine(s)
to a feed P¥steboRKefarahly ibe seraperamir plsatilerst daodion of fioinppewalseltse . The i nner

surface of poj | eas R tROLL R HLANELN. SUBL R TRLCRS TiRGRpd of metal whi ch

absor bs heat om the reactor ereby creating con ions in the FV

syst em whi elbadimeaoofitie pwseitdntditichothedimpstatnte sfthalinieatvallly €6t Ishsde reaction
byproducts. As used herein, the term"inner surface” is defined to nean a

portion of Perenpythek Nl sisens, agd/or thrfepdsiork sontapercibersan.idazbe, whi ch

contacts the.feed ck kEi-or_t.o i bt t] 'Qto he .re Lon unit.

[ 0041] Themﬁf‘%@g‘?ﬁ%ﬁﬂ ed’_rg@ | ggpf)erfgr\?})%}sdog‘ %gﬁ(gﬁa C?J(;mr]{_aﬁ%%sﬁ?bg%{ﬁwéﬁgfi n product
from an OXE?%%ﬁr‘efe@&ﬁlﬁ'b@!oﬁgﬁ(ﬁ@,sév@&Eo%@b#e?eréﬂ?%!d%@%@“ecw&t of reaction
byproducts forned in the FVI system The nethod i ncl udes mai ntaining at

| east a pereférably delavheSFME system e.g., the inner surface of the feed

i ntroducti on nozzle, and/or the feedstock contained therein at a
t enper at ur PUWR} ecrhvtheteedsiogh dasss thranghtbg Ve sypem: Hrermapigsm®sf net al

catal yzed g i I E / 000765
PCT/ uézoo3%‘%%@’%%&q‘%@?%ﬁﬁ%‘%pﬁ?ﬂeﬁéb ‘5{8 03( k}fﬁeg%%ﬁ%?@%@%?él east a
portion of idthduttiviedozekl hisd/of the higesSOnnsytirigetine Wehd exbRrardgess) tohtha fache

tenmperature of the MIQ reactor. In aone. enhqodi nent of the present invention,
the t enper #HRdBCEHM Ravels AR ope Fideireachpn it &é&@tsysﬁgnbmqmswl éﬁr%tcrﬁef FVI system

and/ or the i ] Nt al 400 C,

pr ef er abl yﬂ{gﬁéﬁ%ﬁ%@&%n%?@%gfygﬁﬁ éagéeygﬁgeg E%E%&%B%@;%%Q& e gt\r%ébl y bel ow
250 C, evehighmemppaaferaklopnbeatosunt0dr the orcthanst in the &edsiabk yo bel ow 150 C
-(0042] As the feedstock passes throygh,the EVlL. system i{he enat e
contacts t @grioﬁ‘?ﬂerc i’é‘PCP“?Eﬂ aE%—IBBIF H%ﬁgfeomeﬂﬁfl‘é%‘%o’i #ep ’é%[t?%%’(ﬁl@vi ce(s),

the feed ieaction may be illustrated as follows:

Metal, Heat
29 CH;0H - 54 H, + 15 CO + 7 CO; + 2 CHy + 5C

j0043] The tendency of the FVI system to form undesirable metal catalyzed
side-reaction byproducts is especially favorable because the ratio of metal surface
area to quantity of feedstock 1smuch hi gher in the FVI system than 1n the MTO
reactor itself. 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.

[0044] 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



the feed Watodomtéson nozzle. In one side reaction in theefut, t he
nmetal surface of the heat exchanger(s), line(s) and/or feed introduction
nozzle acts as a catalyst at high tenperatures and converts sonme of the
met hanol in the feedstock to hydrogen, carbon nonoxi de, carbon di oxi de,

nmet hane and/ or _graphite. This side reaction may be illustrated as foll ows:
Nt al, Hoat TSRO bE Bop wi e ey EERL ﬂlezevalwa@@a&a%e t endency
of the PV SYSk&ThiO0d QEMIAABSHERRLA iMkdlo PRUANGR Dy HhiforRA 0N
"byproducts 1s especially favorable because the ratio of netal surface area
to quanti t ywbichfigdefsteddierdis toroeln hipgtien dfnhd feed EttodsiySereneazlvawhich t he MrO

reactor itself. Additionally,.in conventional MIO reactor systens, the
t ouper at ur coRtdsHatorhe PRIy Shite. A RH6 EmPROTRER B FEEHRIROBRof - ot al

catalyzed  §gdRaiCRe 4 AhsRYREQIUGE S BRGAMSS: \bﬁareing%z{g]%gﬁé giieds f rom hot

material in the MO reactor to the FVI system ( portion of the feed
i ntroduct i oeomizpebdy valide xtitnilic ionteo surfeee o Het rarzzlev A asoadingly twigh reactor

further increasin he forrratio]r’h of netal c %lal zqd side rea t|c1
bypr oduct <. BNV DEPFGPE Y e RE-RER ] BF NN RBIEIGRRAGI)  much
hi gher t han; F&%sé‘id%’eﬂ;b@?a%&_@?@&ﬂiulﬂfv@% ﬁ%ot@%d&?%@%i&%eﬁ&oﬁ@%ﬁ% mation of

metal catalyzed side reaction byproducts. Heat fromthe MO reactor is WO
2004/ 000765art cgtahzed 29 abe héx6d WEA008LDL0%ES of the nozalesf erred to t he nozzle,

which may e into the regctor. vglune. Thjs.heat transf be

si gni fi cant ﬁﬁgﬂcr e %eeﬁ"eﬁpdt(ﬁg‘e%ﬂ%f ‘W\?I”Y?gia%faé.easﬁ %P%‘%PBP?%'SWOW' whi ch
i s defined Baishand/er FEGR feRRIck cORaREd tReeil aed dmidraducdieeivdezzl e, Wwhi ch
extends into the reactor volune. In one enbodi nent, the interior portion

protrudes i radvcaotidimimalsithe éorasiien of metné caisheedsidamacodmbymradusts s60i d
particles ont | AUOUS |lide wth.t.h ter surface of the, npzzle.

hecor di ngl y el Regintfidrshapolisy o gl pflent die T Eorben S G BOBF Che

met al - cont aikddnsré@#abe nvkdie, witlhel Besietih®nfa6MRE N KbaRSt OBt O pronot e

undesirabl e side reactions, which ) ) . ) ]
insulating materials include: fire brick, alumina bricks, silica bricks, magnesite

I ntroduction nozzle, and/or the lines connecting the heat excha;gggr g%)wﬁto
i :

bricks, chrome bricks, silicon carbide bricks, zircon, zirconia, forsterite, high
temperature calcium silicate, alumina and silica-alumina ceramics, diatomaceous
silica, cements, fillers, calcium carbonate, calcium sulfate, concrete, glass, granite,
marble, mineral wool, porcelain, portland cement, Pumice stone, gunnite, and
other refractory materials with insulating properties. For additional insulating
materials which may be incorporated in the present invention, see Pefroleum
Processing Handbook, ed. W.F. Bland and R.L. Davidson, McGraw Hill
Publishers, 1967, p 4-137 to 4-147, and Robert H. Perry, Perry’s Chemical
Engineers’ Handbook, 7" Ed., 1997, p. 11-68 to 11-74, both of which are
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.



are catal yzed by the heated inner netal surface of the nozzle. 10045] One
nmet hod of keeping the inner wall of at |east a portion of the F[\él

and/ or ofwohufoeedst ock contained therein at a tenperat WeErgdhessl
reduce or elimnate the formati on of netal

byproduct s

isto thermally insulate ag |least a portion of the FVI

e.g., a portion or all of the feed introduction nozzle, wth an i

materlal

Non- Ilmtlng exanples of _insulating materials include:

catal yzed side reaction
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nsul ati ng
fire
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5|I|con ca
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Fé%'dqﬁu Mdcﬁl%ﬁ noZAt ﬁaglﬂfor%!f 'E}i%q{?#.&’nuété’lr . Sk b ’nOQ%E Rurfhper

atomaceous silica,

I cate um na a I't ca- um na ceram

ature

cenents, fildrefandoalls fesdsarikhoei may bakonttotiedubiilat epolopoisietre, gl ass,

granite,

gunni te, aMenydypesiofcephng Fysiem

benaplmene

vent | on, "Sbg Rae e G el A SATRK ophd SR RERME wkie bl

i nventi on,
Davi dson,

mar bl e, nlneral wool u@felal poréland cenent; Pum ce stone,
et AR TNETESEHt BVEHOn i es. For

pr esent
R L.

Whfand thedekd mtR\ﬂmhnsﬂnﬁdsﬂJe Maqolmg%dcﬁﬂnltfbwfb-thﬁﬁ halRdtubBebert H.

Perry, Perry's Chem cal . Engj neers’ 1997, p. 11-68 to
11- 74, bot Bi@arodad the %F@lnt{c}‘ﬂééﬁ*%?%@dﬂﬁé}a@ﬁﬂnﬁbe fe@fiémé%@ ionrpezzdeci fi c
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i mpl ement e

i N accordance w sént invention nay

3& Lefl aQtnd %gdﬁ&‘ﬁé"f]t?\&fngq}zeretﬂrc%h o4 BE nl MniallRE S b ?éb ep% CNi ckness,

ected based

on the speefféttevertemhimne©0ahlininammt$1e ifoxsiatien ol enetaleatd yored sidaeemmsn05| tion and
physi cal propert| es of the feedstock, and the conposition and physical
properties byprogigisheat i ng device, lines, and/or feed introduction nozzle.
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enbodi nent

Iﬁ@ﬁﬁﬁ“&?@%ﬁn«?ﬂé h’é%@%g%gﬁgﬁ ilib@rait ORAGITO Reciap! her

I nvention enperature o eed

i ntroduct i epstemniz Iaa;orM/amﬂncﬁnetdmbadnnert offteapressom trvienfioy  TozlelT€©) sur f ace
t hereof and/or the feeds ock self be cgontrolled with a

system
i nventi on.

helically \Myapped arofind t
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§0h, |RURERL @ane}aﬁ, @égfgnma rﬁmh%mw hﬁlﬁ&f‘l@ﬁ@réﬁ%}' ng tube

feed |

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

illustrated in Fig. 1. At least a portion of the FV] system may be formed of one or

more metals, or an alloy of metals, e.g., steel, to accormmodate the temperature
and pressure of the feedstock as it is transported to the reactor.

[0048] In Fig. 1, a iquid oxygenate feedstock or feed stream 108 containing
an oxygenate such as methanol is shown being directed to heating device(s) 106
which heats the feedstock to a temperature just below, at or above the feedstock
bubble point. Optionally, a series of heating devices may be implemented in the
present invention to gradually heat the feedstock in steps as indicated in U.S.
Patent No. 6,121,504 to Kuechler et al. If a series of heating devices is
implemented in the present invention, a series of lines will transfer the feedstock
between the heating devices to the feed introduction nozzle. The lines may be
formed of a metal or alloy such as steel to accommodate the temperature and

pressure of the feedstock. These metal lines or pipes may catalyze side reactions

roduction nozzle. As codling medium
f1 ows t hr owghclt sgenerbBy designated by numeral 104. As defined herein, the FVI system

1



and around the feed introduction nozzle, the netal in the feed introduction
nozzle as well as the feedstock flow ng therethrough can be ndihil A8 at a

t enper at upg, %?gj/&%%si ve to minimze or elimnate the for npé.{/gg%(ﬁfguﬁ;?;@!

.catal yzed side-reaction byproducts. [0047] Referring now awi ngs,
Fig. | illustrates an MIO reactor sysiemin accordance with one enbodi nent
of the present invention. The MIO reactor systemincludes=a feedstock
vapori zation and introduction system or FVI system_ which is generally
desi gnat ed Wyhsvarsrizpd rethanghidlerghy IResasEgctepirationpsthby Bugewdpal | y

desi gnat ed . o ] [ h I : 102 is a

regi on of t' uﬂﬁ%@?ﬁ%g@? eﬁq&ﬁgﬁ ér:]fr?ﬁ%geé] %gt% $tdﬁ?are‘lf)%]i$ %@{tpﬁg%%{é&%gast a portion
of the feedrkweklipls dighfim. vapori zed state and extending to the point that the
feedstock exits the feed introduction nozzle and enters the MO reactor, as
i |1 ustrated49Fi g One of grdiparyskilkingbe aitoypudd recpgnipathe ypsoeshatipgbe f or ned of
one or nor I I 3 o 1 ST , C date the
Femper at ur & e hey Ryt ol TPl TR Blingetpe i FRL BB EEES the

reactor. [ Q94Bdngenwhieftin the Ratingdubdingxyge baptodueedstank 10 asfdednshr eam 108
cont ai ni ng _an_oxygenate such as nmethanol is shown being directed to healing
devi ce(s) 206 l.Hicahimegiation HEameegs ek a tyier sHmpgeeiAueneh jaysd. ¢fel ow, at or

evi ce(s) . . . pel ow_
mmy be i mpl SpantdarreiR BehOlBle CHbLARR bk o RIS, PR AR £ et ook

i n steps ashdatifig datieels) NNdIvEl cauRastapist Miportnld thdedddtockdranier et al. If a
series of heating devices is  inplenented in the present invention, a series
of . |i nes wiYaporiggnshepoinhet widelyaileask a peatanediihe feedviecd Yangriges/sces to t he

feed introdyghigfef) ﬁ{er}:—gq?gétierﬂﬁltew}ﬁ.b?hdc}ff@f 4 ; g%f\g@ﬁglﬂefgr all oy such

as steel to accommodate th nmperature ‘and = pressur edst ock.
These net al hdatingdedice POfiake fay imatdaby@enaizitel 12edchy ohsrebeBvdedhC 2006 WO
2004/ 000765. PCT/ US2003/.010778 13 . of the vaporized netha (%I t hereby
i ncreasi ng B8Rk at iAferdsEigsheaipdimthedirating gevicsplutio: ﬂ’ééleétﬁg ¢edaieek iy reacti on

efficiency Gy JCHRATHIGe!NEnlY APUCL R0 RlirodBGidnSfhzleat. ahelrdas:
introduction nozzle may be formed of a metal or alloy such as stee} and may
protrude into the MTO reactor volume, as illustrated in Figs. 1-3. Alternatively,
the portion of the nozzle adjacent the reactor may be oriented flush with the
interior surface of the reactor wall. The metal in the feed introduction nozzle 112
can act as a catalyst in'side reactions at high temperatures to form undesirable
byproducts. The heated feedstock passes through the feed introduction nozzle 112
and enters the MTO reactor 104. '
[0051] The pressure in the MTO reactor may be less than the pressure of the
feedstock within the FVI system, and the temperature within the MTO reactor
may be much higher than the temperature in the FV] system. Accordingly, a
portion or the entirety of any liquid contained in the heated feedstock may
vaporize as it exits the feed introduction nozzle and enters the MTO reactor. The
point that the feedstock exits the feed introduction nozzle 112 and enters the MTO
reactor 104 is defined herein as the FVI system outlet 116.
10052] In the MTO reactor 104, the methanol in the feed stream contacts a
catalyst under conditions effective to form an olefin product which exits the

reactor in product effluent 118. As indicated above, the product efftuent 118 from



[ 0049] One of ordinary skill in the art would recognize the various heating
devices known in the art. Preferably, the heating device is a 9 t @]d t ube
heat exghgh@iRleyier ei n the heating nmedi um may be product~gfisbos 77% , as
shown in Fig. 1, a heat integration stream e.g., froma water stripper or
guench tower, or any other material having a higher tenperature than the
feedstock. Preferably, the heating device(s) 106 will cause at |least a
portion of the feedstock streamto vaporize. The point at which at |east a
portion of theddTPgeaontld mapbe dxeeed tp thabeatrraghingenshl sin giderpyheaty st em

inlet 114. l..In M i he ' V] ~.Lhe feed
i ntroducti %gl}g%dzzs\z{fegn ]1{1(%‘t o‘?yalr?%nl\é‘rﬁelg‘bfé]ta\b\glétrlfe %%g?ff%ﬁﬁefﬁoﬂeag%gemﬁgat ed in
t he heati nghedead fRas) 108) 6 miee MieakeinfligrdsNask producd séRedtka dnir ough 1ine or

lines 110 to a feed introduction nozzle 112. The feed introduction nozzle
may be forRgdfieation shgeml (nefshapmpy Aligemtisgly sthe drodnetefilpent b ude i nto t he

of 1 he noz e ie Afod L APLATbEHnd Ryt tion s e MFGRRIEIE 1o Tnlerior

surface of dré@ed @acheit exellahgerThe netal in the feed introduction nozzle 112
can act as_a catalyst inside reactions at_high tenperatures to form

undesi r abl #9058} pr smbpginens of the presgtmyeRtiondhekedfoduish t he feed

i ntroducti Qn. el .S the Q.reacto 4. 51] The pressure
in the I\/rl'd%g lel{;%f‘ éc? a‘%‘%@é%&% %ﬁtegé\?]e ttoﬁgdugrlg eSeur gﬁeo(?r %Qlémat%gg%lst ock within

the FVI sysdmioRddniche chalRed sidb i@achbh birotibas MiQhisaabadimenyhebe much
hi gher than the tenperature in the FVI system Accordingly, a portion or

the entirefgedgpclampy|actin aiceobng aperidor ¢poling thelmenmeab syrtaselef pagor vapori ze

as it exit i.0Lr [ ) )\ T r. The
poi nt that Eiokggﬁtfgggg]t]%\g{?gg’gﬁﬁsns?) Eg%foli‘gidgisn? ?c?ztﬁj%:a?{%%&ﬁglzlz% gl eﬁgﬁﬁd enters
the MIO r deit€s), dDkaits: siefiornetihb diheisn apd/ot BelebMla myséeol hetféedt 116. [ 0052]
In the MIO . reactor 104, the nethanol in the feed streamcontacts _a catalyst

under condiBTasNstier perds. VEherdssived iempsratweof thg fesdtiesk thrpughousthe EVine

B o 0Pl e (St e S A S e G gt f 1 vent

below 300° C, more preferably below 250° C, even more preferably below 200° C

or most preferably below 150° C. These relatively low temperatures may be
maintained by controlling the heating characteristics and number of the feedstock
heating device(s), and/or by insulating and/or cooling one or more of the
following portions of the FV1 system: at least a portion of the heating device(s), at
least a portion of the line(s), and/or at least a portion of the feed introduction
nozzle, as discussed in more detail below. One effective FVI system produces
vapor feed at its saturation, or dew point. In such an FVIﬁIAsystcm the préSsure at
which vaporization occurs will determine the temperature. Superheating of the
vapor can then be introduced by reducing the pressure of the saturated vapor
feedstock either within or prior to entering the feed nozzle. Surprisingly and
unexpectedly, the inventors have found that the introduction of a Jow temperature
feedstock into a hot MTO reactor does not substantially affect the formation of
light olefins in the MTO reactor.

[0054] Additionally or aiternatively, the inventive method 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



the MIO reactor 104 may be directed to the heat exchanger(s) 106 in order to

heat the feed stream 108. As shown in Fig. 1, after the prod;{? %pg
3/% 7

y

ent
118 has h feed stream 108, it may be directed j i %ﬂ a
pr oduct sg\g%rﬁgi”f)&éﬁ%and purification system (not shown). HAlﬂugr natively, th

product effluent may be directed to thesproduct separation and purification
systemw thout first being directed to a heat exchanger. [0053] In one
enbodi ment of the present invention, the feedstock is maintained at a -

t enper at ur eteaieetaiegéleeigvertegeduse oreHimmatethsrfomnatipnma metalisatalyzed slei on of
metal catal yz i ctiiL.aon r ts. 1ln this enbod oen he . f eedstock
oy act ae ol PR b AR RBIcR A B g heh O SerPhr e BBt 00

more of t hethkehdt@véohthipag inehsu®celdof MU Sy Sisei may bt aRsitaidedarthe on of the
heating devi geés), at least a portion of the line(s), and/ql- at |east a
portion of ¢es&red seBperptHieIg@UEricbnoinvgst &'or Tramplesineoy masppbthgtheptingf t he

f eedst ock t ot t i re I preferably
bel ow 350 Cf!il évg%:gghthaegl}engﬁ% I%%//ﬁyeglz?{%ewl%g%bg%&cﬁ%r%{ec%%b é ﬁﬁggﬁﬁ%}ovﬁnﬂgo C, even
nmor e pr ef eraddzie, Bed/onmhéFeedGnirodudidsinoprle iveldblay toghdretedYatia thEhase,

relatively | ow tenperatures may be maintained by controlling the heating
char act er i s¥selatingmatiabepdditiopally ercaligsnabigrly. pecdrimefedihecksading and/ or by

i nsul ati ng / | e r f.t . £ ol | n rti . of the FVI
system ar Todet, ORI Ko ind REg pPluredfyicel) ot RO R o8B 00 o
t he |i ne( s)no&d/afd/ofthel feabintradiaichi meaziefitstiendydedudad eadimgtdeoite fet0zzl e, as

di scussed in nore detail below. One effective EVI system produces vapor
feed at itscesralling theiempsrayeswiydl ora parHor gt hediVIpvitemy JthednyemEopisssur e at

whi ch vapor | [ C i ' r -heating of
the vapor éléﬁhirg%ﬁgﬁjeﬁpnYir,\%Jgtegggéﬁ{}g%e y %}%tél}ete]ﬁgﬁ%?}ten saElFl é:§g? Elﬁg sat ur at ed
vapor feedfiannk aidtibéredihtrbduttion npdley int@peritiag & jgktherheddf mozzl e. -
Surprisingly and. unexpectedly e inventors have found that _the

L t
i ntroductio eppally jugpja 1%8#’(3’@7&3&{3{1?@%?@é@fﬁ’f’@@ﬁgiarﬁ%}_‘%%’&enwo react or does not
substanti al |gosaf  eChs b Ay Hiaiih! 53@%?@&, Fif! DlihustbEl dterhibdiiendfhd eact or.

[ 0054] Additionally or alter e I nventive ne I ncl udes
mai nt ai ni ngpeesentemamtian pduidh reduaes or bEminumermstal fagadyrsd eidetrbactioeed

vapor zat | op and, iintroduction SYSLEM. & Grom HISITBICLG ML ARG e feed
surface of the feed mtroduction nozzle. A feed introduction nozzle 112 is shown
in Fig. 2 penetrating the reactor wall 204. The portion of the feed introduction
nozzle, which is inside the reactor volume 208, is identified as the interior portion
210. Methanol stream 206 from the heating device (not shown) travels through a
line or pipe (not shown) and enters the feed introduction nozzle 112. The
methanol stream 206 passes through the feed introduction nozzle 112 and enters
the inner reactor volume 208 wherein the methanol contacts a catalyst under
conditions effective to convert the methanol to light olefins. An insulating
material 212 covers at least a portion of the outer nozzle surface 218 of the
interior portion 210 of the feed introduction nozzle 112. The insulating material
reduces the quantity of heat that is transferred from the reactor volume 208 to the
interior portion 210 of the feed introduction nozzle 112. As a 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,



1 9 DEC 2006 WO 2004/000765 PCT/ US2003/010778 15 tenperature effective to
reduce or elimnate the fornmation of netal catal yzed side r 4AdiECoiRub

byproducts, i, a¢gor dance with the present invention, thgg @f/{%'r'fse of
the netal’-containing inner surface(s) of the FVI system may mai nt ai ned at

the desired tenperature in a variety igf ways. For exanple, one or nore of
the heating device(s), the Iine(s) bet ween the feed heating device(s) and
the feed introduction nozzle, and/or the feed introduction nozzle itself

may be j ackif58l wi ARh %P&h?epcrrapwf therfsed wiodyctipmnozelg 1 12 adincentdhal 1y or

alternativ 9 bet ween
the feed hglz%rs %ﬁg‘ﬁé’@‘.ﬂégffs‘fmgﬁgé tQ ﬁ%(ﬁ? ggdd&gﬁ%%g u@?llgng%] 0%2};1‘%%11'118 and/ or the
f eed i ntrodedttransfened ftom titesedciomeyumecd thd gosticodfl the hndeudxzde Subface

controllin he tenperature of all or a portign of the FVI system The
i nvention g%é gﬂ?cfe%ﬁ mtrodueliongozglethat i F%er?rtﬁ‘rf\fo\ﬁ‘gsyét%% i@@rse noni t ori ng

and contr ol 4 el AfPrporating a
j acket for n'rrlélaﬁgafl b%@ﬁ{sgglfenfg ;'/loc?‘ﬁ‘é%f‘%g?l}%“ndgggﬁ’?%&g/ or | nécofr%goratl ng a
cool i ng syadjacent {ROBYL syssera otthit- Bentficinlly, endynprdativelygsméll ambustofat es one

enbodi ment _of the _present inyention reduces or. elim nates netal
cat al yzed @Pﬂ@areeam 85 reasips al &ertarféﬁhﬁﬁ%ﬂ Ftem putgt bhp besawsethgawer from

the MIO regg%r?&eﬁ&xés%?tﬁé“fﬁ&séoc?&ﬁs1 Erﬁer%fﬂlné Qgctfo%glul]{é%%%ﬁttbﬂ onozzl e.

feed intro Ion nozzle I'sS's penetrati he react or
wal | 204. Hirectphe hotmnatetial dveayf fe@d theFVdslystd ontletnldz’)z Lﬂe:;comlmglﬁ gveni nsi de the
reactor volune 208, is . dentified as e.inter.ior 210. Met hanol

stream 206ﬂferlﬁﬂﬁl‘é‘%@fﬂ@d{m?I@OH@GF‘éréaf(errd:g BHdHA a?‘?“éﬁ@l \Iff %ﬁ@ﬂbﬂ’%‘ line or
pi pe (not shewn) paRthiRRhel ﬁthtteﬂlﬁexfagﬁgs L QP $ Fddae glgflﬁﬁi%%}ghng}rg met hanol

stream 206 passes through I'ntroduction nd nters the
i nner reacmfomhumoﬂﬁhﬁta\hbaalgted diberemet drabyprodutd. datothe voata lty te--under

C o oL E ot KL SOl LIS Tt hanol L Ll ot hel] ey el ot no
the interigy feeerﬁ&mcaa&nezzré tlﬂgt it a8fdct N ROBVE bty aeﬁah%léaz ambft
insulating nmaterial reduces the quantity of heat that is transferred from
t he react orof veitalratah@d tsoletrbastion byprodoets permedan izt Gegién ishegligible. i nt r oduct i on
nozzle 112 '[0(?5%] ar le_lsgu |2t111ustr Mes QEe 1nsu1a{] 1ng material 212 covering the entire interior
portion 210 of the feed introduction nozzle 112. Optionally, the insulating
material 212 may cover a portion of the interior portion 210 of the feed
intreduction nozzle 112. Additionally or alternatively, the insulating material may
cover a portion of the FVI outlet 116. Similarly, the insulating material may
additionally or alternatively provide increased thermal protection for the metal
contained in the feed introduction nozzle and the feedstock contained in the FVI
system by extending the insulating matenial into and/or through the reactor wall
204. In this embodiment, the opening in the reactor wall through which the feed
introduction nozzle extends must be increased in size in order to allow the
insulating material to traverse the reactor wall. Optionally, the insulating material
212 may also extend to cover all or a portion of the external portion 214 of the
feed introduction nozzle 112. The insulating material may extend to cover
additional areas of the FV1 system. For example, the insulating material may

cover all or a portion of the heating device(s) and/or the line(s) directing the

feedstock from the heating device(s) to the feed introduction nozzle.



the inner nozzle surface 216 of the feed introduction nozzle can be
mai ntained at a tenperature effective to reduce, mninmze or 1g e the

f or mat i on v 26Bldd7ss cat al yzed side reaction byproducts. ;@T%g)(fg 'ﬁ,
2004/ 000765 PCT/ US2003/ (110778 16 [0056] Although a portion o feed

i ntroduction nozzle 112 adjacent the FW systemoutlet 116 may be exposed to
the reactor volune 208, the anpbunt of heat transferred fromthe reactor

volume to the gortion of the hnner nozzl e surface 216 of the feed
i ntroduct i olP4§8kz| drepgthes Ronsdienggxampde. 18- d{lustertsssmorhss ealbedmsemm ni mal

because thegf %%és&?ﬁn@%oh%r&%gﬁ@%led 1ﬂﬁ>dh£’tﬂﬁ{ &91%21'1@ mUbhace 216

adj acent th system out | et icrally, only a relatively small anopunt
of hot mat evolalg systemipenerby dosignatéd by: nmnzanal 3heAfShovay st Bim Suthé éded116
because the, fl ow _char cterlstlcs o e fe dsto as it enters the reactor

vol ume 208 WHadutigng drrleﬁtgelﬁqﬁ%l% “}ﬁ]ﬁf I’qﬂ%ﬂ e # fesdsteRe Fvi syst em
outlet 116. %%&@R@.QJ& &ecﬁ‘}ﬂelﬁrve} Hﬁnfég%rtc‘yﬂﬁ%r?cfc al hitg 1é A& ed'084 d,ﬂqgstgrface 216

that is adj gcent t syst ém out an be mal ntal ne
t enper at ur ethecfetemirodection noeflladéz thnrebynfonmngraneduteﬂ dfnahﬁg phtherafy G0gat i on of

netal catalyzed sid eact i byproducts, t her. wor to the extent
that heat i EIOPPQFE‘? F‘[Sé‘lf fHa 3{ hﬁ) 8t Cﬂ%ﬁ”@rm Tum s O BIchAS HA3ET TG t he porti on

of the feed Os%[é?ﬁ r@qﬁ tlet 116,

t he amount o ta’l yze Fank %ﬁezto?gh&%%é\gé ugrt %E]\ﬁ%t?ér{rle I ngltjhat regi on
i s negligi bheving p0O&&|tethperatie tHahm]set feat@scitinghg fesdluatodmgtmmhmleahs 212
covering the entire interior ort n 21 e feed introduyction nozzle
112, Optiondt m?lm?cﬁetq lpgpr & Faftimg fpletr, hralf ewéﬁnaulaeﬁtmé}w of the

| nterior pochbmp a3 3Gé‘£oﬁrﬁ?ﬂe'f£l$drsfb@k'?ﬁ{h9'ffe€&@?o%1 athbry @i tional ly or

alternatively, ulating material may - - covef a portlon of the FYI
outlet 1] 6Pr&emblyaektyriorn ivezierend|3a#ionthemwbbng pithway 386 ¢closrdadfl yo or

alternativel ovi de |n reased thermal protec n.for, the cont ai ned
et b e Bheinolts BRSPS s letrinte PRdbe At BRatRipiset Brdlehe " pv
system by e’ﬂi@ﬁ@&s‘i’&ktﬂ&%\#@}d@bhrﬂﬂj ﬂEEfl\?Td)%ac'td}t ﬁe%BQ}’nQ% nieBh@t oy she react or
wall 204. In this enbodi fent, the opening in the reactor wall through which

t he feed |ma$sod@mugihthn@quir@ I@th\éﬁbd%oﬁmgkwmrawshwmmf@&e in order to

?:’I!SS\INaE Ih ﬁ g ﬁlgt{%cl, aé":)nngozg?e[ aenrd/o%lthet Peehsto 4ETRY y coo mg f’eegsto&\"ﬁ(a and theqi)xgﬁeonal ly, the

nozzle surface 216 of the feed introduction nozzle, the feed introduction nozzle
112 and/or the feedstock can be maintained at a temperature effective to minimize
or.eliminate the formation of metal catalyzed side reaction byproducts.

[0059] ‘This embodiment of the present invention has the additional
advantage of providing the ability to control and vary the temperature of the
feedstock and of the feed introduction nozzle. For example, the temperature of
the feedstock/feed introduction nozzle can be modified by varying the flow rate
and/or temperature of the cooling medium, which passes over the nozzle and
feedstock pathway.

[0060)  The cooling medium 304 may exit the feed introduction nozzle within
the reactor through diluent outlet 312, 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



212 may al so extend to cover all or a portion of the external portion 214 of
the feed introduction nozzle 112. The insulating material may3@xceHd to

cover aq@hbiQnadcareas of the FVI system For exanple, gdoudasidiatisnd
material may cover all or a portion of the heating devi ce(s% and/ or the

line(s) directing the feedstock fromighe heating device(s) to the feed

i ntroduction nozzle. 19 DEC 2006 WO 2004/ 000765 PCT/ US2003/010778 17
10058] In another non-limting exanple, Fig. 3 illustrates another

embodi ment of e oxlgensicainEaeusedvaterthe M ssasiar maebs esefuilcopoldsd ion nozzl e

112 1 ncl udgscp, caokint st SmaAsNeialiy, desbandled bt AuiBLaL, 02. AS shoun

in Fig. 3, roduct on nozz a generalTy cylindrical tube ,

defini ng adfsegded, dokexapiiibMaY).SOaterh Sntiomtor SérgeNodDaseESBA3 ¢y Fikgr i cal tube
is oriented coaxially to the feed introduction nozzle 112 thereby form ng

an outer c&oili Ajupdbhorghingosedivmananbe srtectedeldemour gareigay teoBluenfscool i ng .

medi um 304%n0§é1ﬁﬁ]ya S alar ‘"‘-‘E e cooling steam e.g., froma water stripper
or quench tower, “or any other material having a |ower tenperature than the

f eedst ock joveipe friQd3 iinistrafdyeid @WdliAZ7dtem 308 travaisimpdHE eshetor licmal i ng
pat hway 306 at cooling inlet 310 and is_ circulated in the cooling pathway
306 ar ound 2hheoviesiag dhoering surfare of deifred axrqsachorpozds Optopallydhe| vy, exteri or

nozzl e end of .t | t i,5..C - of f that the cooling
medi um f | O\ﬁs&ﬁg\éﬁgﬂ}%@o&g@%ﬁ& tﬁs@ﬁ%{aeli%gf %)ti 4 %ﬁ?gg%tnhorf?g%ﬁeegt he feedst ock
pat hway 306nticavetich sd2]MEDer €a0tBE entid fectidatroMg:tivn tote 3Fér &xampgssed

t hrough the cooling pathway 306 and wi thdraws heat fromthe feed
i ntroduct i &t GPEHRE By e S8R Mgyecovar g eatrety gyonrl) dIAoREen lcthe ddereTock and t he

it roduct | SRS ZAP 2 et o Ry REHERPACH R RMIBRRECH, ub SEghiPe
t enper at ur gyseérh @gdyl. vemia® nbt, kkithd partially @ entirht Girddph theremeior wallgo4net al
catal yzed sl de reaction byproducts. [0059]  This epbodi hrent of the present
i nventi on Ra8ilekhe thgienolpgmastemadiantagyeoril gr 8PP theedsmel ty to control
o2 S ol i b, ot iy ped glegct on
nozzl e canspeemp@bf &xanily. thacysling dyktenf meyweatr @ll or a portion of the heating

device(s) and/or the line(s) directing the feedstock from the heating device(s) to

the feed introduction nozzle.

[0062] In accordance with the present invention, the jacketing and cooling

embodiments, discussed above, may be combined. For example, thetiozzle may

include a feedstock pathway, a cooling system and a jacket formed of one or more

of the thermally insulating materials discussed above. Either the jacket or the

cooling system may be the outermost layer depending on the MTO reactor

conditions, the cooling medium used, the physical properties of the nozzle, the

physical properties of the heating device(s) and the physical properties of the

line(s) connecting the heating device(s) to the feed introduction nozzle.

Additionally or alternatively, a plurality of the same or different jacketing layers

and/or the same or different cooling systems may be implemented in the present

invention.

[0063]  Additionally 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 FV] system, e.g.,



and/ or tenperature of the cooling nedium which passes over t ?‘buﬁg and
f eedst ock wagtdwweyo7s§ 0060] The cool i ng nmedi um 304 nmay exi pcrmgz&%@ﬁi
i ntroduction nozzle within the reactor through diluent outlet 312, as shown

in Fig. 3, or outside of the reactor (tlArough a cooling nedi um out | et (not

shown). If the cooli ng rredi um 304 exits the feed introduction nozzle within
t he reactor through 12, Cc00 Wil mx with

t he oxygenap‘él We Fg &k Fr b‘y(cnlé@ﬁ 58 éc? rantag%oqsh ggo%gﬂhyﬁl MPHe invention
provi des a” é&r%}’ﬂw QLN ALE | ﬁdirgﬂaF@%:aBlﬁ}%ePcﬁ{xbb@d CREr Sngd 8geféra DEC 2006

WO 2004/ 000 65 PCT/'US2003/ 010778 e oxygenate intr Yinto the

MO react or beley 136° Camathiht ynsubiting anbed codling@ysem émbatinahts, the desi r ed
product selectivity and/or oxygenate conversion as di scussed for exanpl e,

“in U S. Pat Qmmpepqspueuqféhﬁ: m@tagéﬂn@mmx)mnmge elia least Bpagicstofabhe F¥hus, the

cool i ng nedl e _se Ve of ..t he dj Iuent nmore fully

di scussed bé %Og%ﬁnbgagggta efT{Ps Fg?e'f tc%‘gﬁhfcﬁé’rgll 2 traversing
the reactor fdﬁlaho@@ﬂmc@dl@aﬁ%@cﬂ kiag réi&ﬁoﬁﬂ%ﬁrﬁ@ué‘mb‘ e @CKelN 410becf eed

i ntroduction nozzle. Optionally, cool’ing system 302 nmay provide thernal

protecti on posferablydreldvod 5ot Ciahhfaﬁmgebus]yrﬁaimiﬁe@? Gnmoozprcteratdy helowt han t he
entire feed_introduction nozzle. For exanple, the cooling system 302 may
cover the eﬁé?r@tvearmtafﬁ|pyefarabb’rbql@w 28¢° @rs)é Pattarelsrablipbalewdia0%€0 of t he

feed intr Od‘fﬂﬁ en#’?]b%unl:rﬂ {hlg IS.HC? %?ﬂ ﬂahm{mg hl?rfgc%gslt) WPfhe FYSLEM MRY,

or nmay not, nd a entir ReEA 204.

Simlarly, tsyaﬁerﬁml}d Hagnameh@em alazexﬂpyraﬁmeﬂfeoaﬂvle@@ mlmmtth@fee@itodm ext er nal
portion 214. The cooli ng system may extend to cover additional areas of the
FVI  syst emliapiskvapenegh brl@mélv@@éhquﬁgh%@\él BificrmyBecsiss th&|f¢edétoclalqoort i on of

the neat | ng o SREF 4R ARl el LR BEURIB GRS, bRt agly T Tom (e

heating device |ntrodu I'ON noz cordance
w th the pregeilibriimpviiiughout thélEVJI agdtat) smgezaaahzmoﬁlthagapcemi)mdmmﬂm

Feodst ook pATMEAIET Serbal PGl B SPienan &1 [ ACHA PTRPAGES BrOWRITR- ror o
catalyzed side reactions. Alternatively, the feedstock may be entirely vaporized
prior to entering the reactor. For example, the feedstock may pass through a valve
122 in line 110, as shown in Fig. 1, wherein the feed is subjected to a pressure
drop and the feedstock is further vaporized. The feedstock may be superheated so
long as the temperature of the superheated feedstock is maintained below
temperatures conducive to the formation of metal catalyzed side reaction
byproducts.

[0065] The invention also provides for the ability to monitor the temperature
of any point along the FVI system including one or more of the heating device, the
line(s), and/or the feed introduction nozzle. For example, a thermocouple may be
implemented on the inner and/or outer surface of the feed introduction nozzle
and/or on the inner and/or outer surface of the cooling system: or insulating
material. By incorporating a thermocouple in the present invention, the
temperature of the feedstock and/or of the metal in the feed introduction nozzle
may be monitored to determine whether conditions are conducive to the formation
of metal catalyzed side-reaction byproducts. Moreover, with the cooling system

embodiment of the present invention, the characteristics of the cooling medium



of the thermally insulating materials di scussed above. Either the jacket or
the cooling system may-be the outernpst |ayer depending on theg Pfgact or

condi ti ongo JehBeceaRl | Ng medi um used, the physical properbiegsfiozhiip-40zzl e,
the physical properties of the heating device(s) and the physica

properties of the line(s) connecting 4the heating device(s) to the feed

i ntroduction nozzle. Additionally or alternatively, a plurality of the sane
or different jacketi ng | ayers and/or the same or different cooling systens
may be i npmeayeireadifisd Ferpopsize knyanatigyem teHRerafuye 6Ny AMaRt PIgneT v or

2l fer nat i velobie LS8 K6t LOGARAL Ofc 600100 BRI BN IRy o i 0Dl ned

with the | ow tenpérature ock e n ow

t enper at ur eftieatsiRdpptdachegbaptrabiies foddusiys tethe fermgationd &4/ 000765
PCT/ US20031 p3' 7' bos 19 bel ow 400 C Baref erably bel ow 350 C, advantageously

bel ow 300 piahised sidgrescaionbyyradarisyihe sharastersticn ofitheccophing areabiny. &) ow 200 C
O oSt Pl Giow b qué%%%l?}ﬁ%ﬂﬁ?%@ﬁ%ﬂ% BL hdatAlA b Wbt R AR oGRO! | N SyStem

enbodi nment s, cont ai ning i nner surface of at

| east a ponaned fogile biade\b noBytedctive caipddgurdd) Nt ai ned at a tenperature
effective to reduce or elimnate the, formation of netal catal yzed side
reaction byPP&duct Breferably, thseopditivpsinthe M Qreacies iyclpdipgwhapgssare,

advant ageo |ow . n nore
pr ef er abl yl{%llel B %%egg%rh%ﬁggtgg %’rcgr gécgtgﬁg}%se?gv?/&l’fégg&&fb‘%éﬁ] In one
enmbodi ment cohtegtihg ey memtadi-t6 dighedlafing as distaeal B)moie delgl t¥dw. Byst em may be

mai ntai ned at a tenperature effective to maintain the_feedstock at
| i qui d- vapdecagendeiwith the Rreseatigiention: Adesyp pestianshthgEYl s¥dehe f eedst ock is

B ot T
vapor is maohditioas eqd., terlperitmras, effet tivertebyduce dmbiimiretdieubaamilliyon of reactd on
byproducts through netal - cafal yzed side reactions. Alterpatively, the
" f eedst ock r?é!?ll%e--é‘?ﬁnfoﬁ@ﬁfy%%‘[ﬁ@?%%%a]yﬁdi Brc-FEC BT hiresRstv B Pt For
cxaL e LSRR TPRED LU (A Sndh Bl 15 D 2 Shov

f eedst ock irsadtarrmaneor mapapi Eechnditise tetd Somekiomayf niwalsapdyded aided so -

reaction byproducts. Thus, the present invention may be implemented with a

deactivated or passivated reactor.

[0067] Typically, molecular sieve catalysts have been used to convert

oxygenate compounds to light olefins. Silicoaluminophosphate (SAPO) S

molecular sieve catalysts are particularly desirable in such a conversion process,

because they are highly selective in the formation of ethylene and propylene.

[{0068] The feedstock preferably contains one or more aliphatic-containing

compounds that include alcohols, amines, carbonyl compounds for example

aldehydes, ketones and carboxylic acids, ethers, halides, mercaptans, sulfides, and

the like, and mixtures thercof. The aliphatic moiety of the aliphatic-containing

compounds typically contains from 1 to about 50 carbon atoms, preferably from 1

to 20 carbon atoms, more preferably from 1 to 10 carbon atoms, and most

preferably from 1 to 4 carbon atoms.

[0069] Non-limiting examples of aliphatic-containing compounds include:

alcohols such as methanol and ethanol, alkyl-mercaptans such as methyl

mercaptan and ethyl mercaptan, alkyl-sulfides such as methyl sulfide, alkyl-



|l ong as the tenperature of the superheated feedstock is maintained bel ow

t enperatures conducive to the formation of netal catal yzed si d g
bypr oduct swo A06&b7¢Ehe i nvention al so provides for the abpdyiy g&o,%;ﬁ@tor
the tenperature of any point along the FVI systemincluding one or nore of
the heating device, the line(s), and/ @1 the feed introduction nozzle. For
exanpl e, a thernocouple may be inplenented on the inner and/or outer

surface of the feed intrqduction nozzle 0 th n out er
surface of taHEn?f’o‘;Hgﬁl ﬁ@“?@é}'hj ARy alﬁlﬁéﬁl‘:‘]s&sisﬁ %‘é{lpﬁnﬁlyélea‘ 3}1{] ?thﬂ(ﬁ‘nlﬂfér ating a
t her nocoupl gy} ; X t edst ock
.and/ or of IOt %ga meett’t Imiﬂl?]??ﬁgt gl Wﬁafl%}c{e?(%c&é%?netﬁﬁ%ﬁ& ékﬂnréﬁpt@or ed to
det erm ne V\/rmﬁtyhkcionmsﬁcrhiae demethel kellllretuﬁumlaldehyddseaﬁd)varmﬁ acids mfchrast al

catal yzed side-reaction byproducts. Mreover, with the cooling system
«enbodi nent &Feqon@’ ‘gr esent invention, the characteristics of the cooling

medi um 1 9. QiF0} 00610, RA0M O0REmER UrRZAR3LA Y HBinv@Riony De modi fi'ed

responsive to vari at s In tenperature of any inner or outer nozzle
surfaces. Fdeedsiakpbetaimone e nnonoxygesates. enpresptaifiealf onder momer surface of
t he nozzl e approaches tennperat ur.es ﬁonduci ve to the {or mat i on ? t al

catal yzed si CEURPYNAG) sPBRLRE 2 [635LORG RSP G1R {1 ibe Jpost Prs i ng
medi um e.g. embofdhlﬁt‘%trd?tﬂ?e ﬁx@gésgrof Hﬁf@ﬁt%lﬁttlw &y ﬁ@ﬁé’te Bemrgeidsicel id shel qver the

t enper at ure of i nner” nozzl e surfade to-non-reactive t enper at ur es.
[ 00661 Pr ef emablayqohbl(e) porigtblyabphativ aIMOmeheachmliﬂhaﬁb unbileng of the pressure,

t enperat ure, ce.velocit conduci ve to
converting t%&ﬁﬁ&&%ﬁ?ﬁomﬁtpﬁgﬁgrbgpé%\érengsﬁé%ééa ]pr‘fa PEOYRY ai | bel ow.
I'naccor dang@ st PrfB@bRr RS8N0 URMAINI 0ns. aThd S@sholduRPllds Wkdslock e FVI
system especially the feed introduction nozzle, is nonitored and/or

mai nt ai ned dbe prwdistdfahsinvention intlodp lvear gireight i rgndhed Ch@intahnhﬂm“ mnimnmze
0 (2 st ot ALt RIS TR e I ERL AR wrc
“reactor: Thahclige nieftin6l @ﬁiahbloﬂ%l(yylahbl 13V Fﬂﬁ)ﬁ%ﬁ%eﬂﬁﬂi@ﬂﬂl ciligy dﬁﬁetﬂﬂy not be
conduci ve to the formatigon of netal cata

ether, diethy] ether, di-isopropyl ether, forrna]dehyde dimethy] carbonate, - '
dimethyl ketone, acetic acid, and mixtures thereof. In the most preferred

embodiment, the feedstock is selected from one or more of methanol, ethanol,

dimethy] ether, diethyl ether or a combination thereof, more preferably methanol

and dimethyl ether; and‘most preferably methanol.

{16071] The various feedstocks discussed above, particularly a feedstock

containing an oxygenate, more particularly a feedstock containing an alcohol, is

converted primarily into one or more olefin(s). The olefin(s) or olefin

monomer(s) produced from the feedstock typically have from 2 to 30 carbon

atoms, preferably 2 to 8 carbon atoms, more preferably 2 to 6 carbon atoms, still

more preferably 2 to 4 carbons atoms, and most preferably ethylene an/or

propylene.

[0072]  Non-limiting examples of clefin monomer(s) include ethylene,

propylene, butene-1, pentene-1, 4-methyl-pentene-1, hexene-1, octene-1 and

decene-1, preferably ethylene, propylene, butene-1, pentene-1, 4-methyl-pentene-

1, hexene-1, octene-1 and isomers thereof. Other olefin monomer(s) include



reaction byproducts. Thus, the present invention may be inplenmented with a
deacti vated or passivated reactor. 100671 Typically, nolecul ar gi v% .
cat al yst syave,Resa used to convert oxygenate conpoundsp(t:pmgi'(ng j}fl, M.
Silicoalum nop%osp'hat e (SAPO) nol ecul ar sieve catalysts are particularly
desirable in such a conversion processy? because they are highly selective
in the formation of ethylene and propyl ene. [00681 The feedstock preferably
contai ns one or nore aliphatic-containing conpounds that include al cohols,
ami nes, carBsHyIatcddnpRAMARS. dioleliax Baying 4 16 § eprpan atome cOMBEAIEHET car boxyl i ¢

aci ds, ether 28l 1 . | ] , : | ke, and m xtures

t her eof . Tﬁlgﬁ%(f’ﬂ%ag |%elﬁét;g?é@s}%egn?ﬁﬁ@l@%’ﬂ%?|agagg?\l%%@§fl‘l#1gg conpounds

typi cal |y qoon3i nshif themdst prfabelémbilinent) tie fatduack, prie@irablgifyné bpom 1 to 20
carbon atons, nore preferably from1 to 10 carbon atons, and nost

pr ef er abl y TRYT89XYLeNstes, is sPRvHted B fe PESRD6Y of ABIlequiar sieNg cataliishl es of

al i phati c- L ¥ ' ; . | and
cthanol . B TORSeH b SRR IRV M cqrb et NP2 (T RABEE ot an.

al kyl - sul f iatiafis. SMobt @sferaiyhe slefih()galodd deonitinddiot, 40QonViPeddesth @00765

PCT/ US2003/ 010778 21  _am nes such as nethyl am ne, alkyl-ethers such as

di net hyl etfpredstochicentainingameryespgtenpiekyaldy By plcehplemostpreiaratdy| | des such as
met hyl chl Qi | Q14 I uch as di net hyl ket one,

f or mal dehyg‘ééstﬁﬁlgﬁlﬂgg\}%%ﬁeﬁgéﬁ{ﬂsﬂ&%ﬁﬁg@&ﬁé@%p&@ﬁggﬁ%_ 10070] In a preferred

enbodi ment [0674]he pheersspeiericdgrotse id depbrally heferrb e adad @okoadfigi NS one or
nore oxygenates, npre specifically, one or nore organic conpound(s)
cont ai ni ng G Pesaltcrmauvexygethanldgmoleins (VeI Qb gMabprogess. wptselly ment  of

t he proces ' i [ ' or nore

al cohol (s) ?angc)grxgkéeﬁrﬁgﬁffggﬁt?%kggjtc}?@(%ﬁ?gﬂgIafg%tﬁaﬁéffgﬁ?@e&géf%%%ﬁ% noi ety of

t he al cohalofisgrtddan tig piesdnct of 2 thdderubarsicat eam]yspeabhpositidryinto oma dr t o 10
carbon at ons, st preferably from] to 4 carbon atops. The al cohols
useful as f%@&ﬁ%ﬂekg? Bref{%ﬂ‘_élyﬁf@@é%d&ﬂaparttﬁeetﬁﬁlﬁ@ﬁﬂl@ﬁr PiReYirEe 9ftsler st rai ght
and branchedeclghdadliimtidigs). -

[6075] The feedstock, in one embodiment, contains one or more diluent(s),

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
alkanes such as methane, ethane, and propane), essentially non-reactive aromatic
compounds, and mixtures thereof. The most preferred diluents are water and
nitrogen, with water being particularly preferred. In other embodiments, the
feedstock does not contain any diluent.

[0076] The diluent may be used either in a liquid or a vapor form, or a
combination thereof. The diluent is either added directly to a feedstock entering
into a reactor or added directly into a reactor, or added with a molecular sieve
catalyst composition. In one embodiment, the amount of diluent in the feedstock
is i1 the range of from about 1 to about 99 mole percent based on the total number
of moles of the feedstock and diluent, preferably from about 1 to 80 mole percent,
more preferably from about 5 to about 50, most preferably from about 5 to about

25. In one embodiment, other hydrocarbons are added to a feedstock either



al cohol s and their unsaturated counterparts. Non-limting exanples of
oxygenates include nethanol, ethanol, n-propanol, isopropanol,18&8tby00t
et hyl - et hewo mommtdsyl ether, diethyl ether. di-isopropypceibRizniorrs
formal dehyde, dinmethyl carbonate, - dinmethyl ketone, acetic acid, and
m xtures thereof. In the nost preferred@3 enbodi nent, the feedstock is
sel ected fromone or nore of nethanol, ethanol, dinethyl ether, diethyl

et her or a gonhbjnat.i on ther epf r refera nmet hapo and di net hyl

cther, “ana fESanaRets ARLoRuR et eV EP RIS GBS ocks. df scussed
above, part iegathplely Sapite@dsd. acdy 7, ONE@ i HeMEf AdnANYH R alifrrdhdep@r ticul arly
‘a feedstock containing an alcohol, is converted primarily into one or nore

ol efin(s). TrdewblfprapyEnegbubick; pentriontred Cd)er by deowrbons kayinzg her f eedst ock

typically have from 2 to 30 _carbo atoons, preferably 2 to 8 carbon atons,
nore preferdbly© %PBaE’n&SanB’r‘P%&EESﬂETeOs‘fi Il nore preferably 2 to 4 carbons

atoms, and TIW'HT]PF efBieahtbiese fdtb 8 PG 1iA0 A FeedsIcRPYhENAly d fRddbcNon- 11 m ting
exanpl es of ol efin nononer(s) include ethyl ene, " propyl ene, butene-1,

pent ene- 1, 4omnikng onseer aw-oky gé¢raiesnia-the prasergecnf B mpldculafcsiensesate]yspr ef er abl y
et hyl ene, pro Iﬁge ? t ene- %. pent e,ng-l 4- met hyl -pent ene- 1 " hexene-|,

oct ene- 1 andomeHEP of fEARIRTIoRE R &TISH ST Y HISAEHRHIGSESF AL Kby DEC 2006 WO
2004/ 000765 vitfeld 1HeFROOLAANRd 1Rd prodesatUhadioed PRIGHERSsS (influ@bed i ns having 4

to 1 S carbon atons, conjugated of nonconjugated di enes, polyenes, vinyl
nmononer s andubylent bedoprerésss prefoebly)a ¢amtinheusibaidized bedprosess pstent, the

feedst ock,  RGLERAP Yol S 1o HIRUE ARESNRUS e, COnVerted [0 the

presence of Ireve composi'tion’into olefin(s) having 2

to 6 carbong0e18)ns, The edaRfiabpiocsstDcah 16kl Plade indd @ity dMstalpicdeastakl y, the
ol efin(s), alone or conbination, are converted froma _ feedstock containing
an oxygenat suclhasihdrigiyiegctans that deres depfsded o Exed bed 1pactin zongomd/elp the =~

et <0 OGhNLA) LM 05, LT BIORRS, AR galpoly Pl et o0
met hanol - t o-redcedrswéset MEQors, land theNlQ. [Buitgkleontatpioadlrkattor types are e
~ 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. ] -
- [0079] The preferred reactor type are riser reactors generally described in
Riser Reactor, Fluidization and Fluid-Particle Systems, pages 48 to 59, F.A. Zenz
and D.F. Othmo, Reinhold Publishing Corporation, New York; 1960, and U.S.
Patent No. 6,166,282 (fast-fluidized bed reactor), and U.S. Patent Application
Serial No. 09/564,613 filed May 4, 2000 (multiple riser reactor), which are all
herein fully incorporated by reference.
0080} In an embodiment, the amount of fresh feedstock fed separately or
jointly with a vapor feedstock, to a reactor system is in the range of from 0.1
weight percent to about 85 weight percent, preferably from about 1 weight percent
to about 75 weight percent, more preferably from about 5 weight percent to about

65 weight percent based on the total weight of the feedstock including any diluent

contained therein. The liquid and vapor feedstocks are preferably the same



an oxygenated feedstock, nost preferably a methanol containin éﬁg&%ﬁ IS
converted in the presence of a nolecular sieve catalyst corrpos l]to one

nor e 8hdMoslss Preferably and predom nantly, ethyl e‘;;\telL pyl ene,
often ‘?gr r(e'lg t(gﬁas light olefin(s). 100751 The feedstoc ﬁ%ﬂ@ﬁ}@‘fﬂo

enbodi rrent, contains one or nore diluent(s), typically used to reduce the
concentration of the feedstock. The diluents are generally non-reactive to
the feedstock or nol ecul ar sieve catalyst conposition. Non-limting

exanpl es oFCRPPIEA ST PARPIFNETHER PUPROTBMSEH thaamegeditfereat fsAstodbnoxi de,

carbon dio f#ﬂw%%&r df?f%?e%hﬁllﬁérhy non-reactive paraffins (especially
al kanes su thane, and propane), essentially non-reactive

aromatic m&l@und&e camebrsibx tapiRsatuteedresibyedihehebatvepsiat procedd, di l uents are
wat er and ni tro? with water being particularly preferred. In other

embodi ment specifically ey thsakacigpey stsm. Ie:uhtﬂlamga@fmmw%%b%] The di | uent

The it uentopd 1090 brsiabfl Sl X ConBblaoi SunfOR IR 8By’ 2 Saci o

or added dlab@gtjswctmaboauriseecoyetn%re@ﬁ@‘edbwﬁdmabmlmata@alsmﬁve cat al yst
conposi tion. In one enbodiment, the anmount of diluent in the feedstock is
inthe ran@éOcﬁ Yet eYpnapegrreiembhniom oundiSChe rbewto093S @@Hn t he t ot al

nunber oﬁ nt,llag &te%%s&?§§bﬁﬂ%56*¢ uent, preferably fromabout | to 80

nol e percell? repre Perabl rom abo 5 to about 50, nost preferably

f rom about [6082(} abDhd cox%rsxdmpxemwempmw@mmeabﬁnerrsxhxygfmesr bons are added
to a feedstock either 1 9 DEC 2006 WD 2004/ 000765 PCT/US2003/ 010778 23

di rectly ompearbsaicvithin thergastae s .of8Es AYES B Widarareriinglagingar omat i c(s) (see

for SXampl Gultotho RAL RN o730 3,c 20914 601 86 A QURL isdoull g X{ Ur s

t hereof, pre Bera I"ene IFene, ene ydr ocar bons

havi ng 4 Ofthe fmﬁﬁodlae’)d@hﬁn&tcﬁmﬁy dﬂﬁexmthérehme§ybfteﬂjé@ie cdieréTdn pregupy ocess -f or
converting a feedstock, especially a feedstock containing one or nore
- oxygenat es EMRIOYeRdD Hreguesrse 1o the f?@lge@ﬁfram abpul/ I iealqatout e dPasiti on of

~the invent il bfy £3h b6 Pibad 8 BohEPLIP Nk x?x‘E»EnsﬁefeEbb‘]’y ?r%ﬁﬁb%t
20 kPaa to about 500 kPaa.
[6083]) 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 defined as the total
" weight of the feedstock excluding any diluents to the reaction zone per hour per- - - *
weight of molecular sieve in the molecular sieve catalyst composition in the
reaction zone. The WHSYV is maintained at a level sufficient to keep the catalyst
composition in a fluidized state within a reactor.
[0084]  Typically, the WHSV ranges from about 1 hr ™! to about 5000 hr ~*,
preferably from about 2 hr”’ to about 3000 hr”}, more preferably from about 5 hr™!
to about 1500 hr'!, and most preferably from about 10 hr™ to about 1000 he™!. In
one preferred embodiment, the WHSV is greater than 20 hr”', preferably the
WHSV for conversion of a feedstock containing methanol, dimethyl ether, or
both, is in the range of from about 20 hr”' to about 300 hr™.
[0085] The superficial gas velocity (SGV) of the feedstock including diluent
and reaction products within the reactor system is preferably sufficient to fluidize

the molecular sieve catalyst composition within a reaction zone in the reactor.



where the process is a fixed bed process, a fluidized bed process (1 ncl udes
a turbulent bed process), preferably a continuous fluidized §[}i%g,%gess

and nost gFHr ég{’&p ¥ a continuous high velocity fluidi zegcp@g

10078] Th 'on processes can take place in a variety 0

reactors such as hybrid reactors thatohave a dense-bed or fixed bed
reaction zones and/or fast fluidized bed reaction zones coupl ed toget her,
circulating fluidized bed reactors, riser reactors, and the |ike. Suitable
convent i onalhe 8G¥tisihe piseessapasticwagy, withemithe seacinr Se%alﬂﬁpﬁ@r@%tmlﬂ&ﬂbnt No.

Engi neer i ng " REHFR ST SRS Ltibost 1eShd D, BrotebieT (1
- Conpany, NegeMerf than Nenkee kmadR Hfefeydbie breatee ttah|l Mge€iever tidry i ncor porat ed by

reference. - - [0079] The preferred reactor té_pe are riser reactors
. general | y destaripgraaier haje} NYReacYd eyerrmarepreier atdn Senater tham Howsges i cl e

Systens, pa d Publ i shing

Cor porat i ongﬁf\igéﬁp% ﬁg%%éﬁ%e lzﬁrggggP% {%ﬁﬁﬂ%[ﬁ%éf@ (fast-fluidized
bed reactorjp mmOhJs&lalﬂabeﬂﬂ/wquﬁ Blat Nvvember 8. 00dowhidRiHldeinl3 fil ed May
4, 2000 (rrultl ple riser reactor), which are all herei n fully incorporated
by r ef er encBCOMTBELLY Feferanesnbodi ment, the anount of fresh feedstock fed
separately ngj‘ tIy with a vapor feedstock, to a reactor systemis in the
range of fro wei ght percent to about 85 weight percent, preferably

from about [0086] ghtinped&anbrovide abater uilerwandihf optheqeedent ifwestid ef er abl y
fromabout 5 weight percent to about_ 65 weight percent based on the total
wei ght of tﬁvélfdewepeeﬁnt?w@wﬁﬁfyweepf &Enﬁ% Nopgng aapede wdicssds. The 1iquid

~and vapor fgﬁg%@?ﬁﬁg ﬁ%gg%g HeGEAR Wy PG @ F%Io%fe%dg%'é& ﬁnoéjéalmsg%él/ 000765

PCT/ US2003/ ositiron, “or con n var g proportions of the
sane or di ff@r:emvinheﬂdsﬁna@dd fwdsfbckhe asamed edacthr bf edrgnt tahpastntes. 10081] The
conversion eratu npl oy eg he conver5|on rocess pecifically
within the lor @@gg’@rﬁreqegt Fngdgsng a mig %‘Hé?f"c“oéeai?eto about

1000C, pr ef ﬁﬁ@r%h%w ré&%ﬂﬂg&'ﬁva@% 396300 s8R eaBBF B /RLRhSRR Y Trom

diameter) located in a furnace to which vaporized methano! was fed. The
vaporized methanol was maintained at 120° C. The methanol conversion reactions
were preformed at 25 psig (172 kPag) methanol pressure and at a methano! feed
rate of 80 pl/min. The control experiment was performed under identical reaction -
conditions except that a coated reactor was used. The coated reactor was 1/16
inch in diameter and was made of steel coated with a thin layer of fused silica.
[6088] The effluent from the reactor was collected in a 15-sample loop Valco
valve. The collected samples were analyzed by on-line gas chromatography
(Hewlett Packard 6890) equipped with a flame ionization detector. CO, CO; and
H; were not analyzed. The measured conversions of methanol, which were
calculated on the carbon basis, would have been higher if CO, CO, and H; were
included in the calculations. The chromatographic column used was a Q-column.
|0089) Table 1 summarizes the results of the conversions (wt%) of methanol

reacting on the lab reactor.



about 250C to about 750 C, yet nore preferably from about 300C to about
650C, yet even nore preferably from about 350C to about 600C #8dkC 2006
pref erabl yd femabaut 350C to about 550C. 100821 The con

enpl oyed In the conversion process,

speci fical |y wi thi nPCRSSPRARIGH syst em

varies over a w de range including augogenous pressure. The conversion

pressure i

di | uent therein.

is in the

about 5 kPaa to aboyt,,| .M2aa, and npst
KPaa. - Teisds Memapgf e

about 500

s based on the partial pressure of
Typically the conversion pressure

range of -fromabout 0.1 kPaa to about 5 MPaa,

the feedstock excl usive of any
enpl oyed in the process

preferably from
20 kPaa to
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19 DEC 2006

particul ar

2004/ 000765 PCT/.US2003/
ctalyzedhiie f¢astipp Rrprofugy v

in.the process,

10778 .25 _ The .S
et?%ffdebeﬂ‘éW@iS%EdF%o-vﬁlﬁhi n the riser

react or (S) siabieRistdePABEol: At TEAEE, PEY whOLQBMabST DaCrsioR WISSRAVYG in

an untreated stainless steel reactor. The conversion was much higher at 500° C

and 550° C. The conversion of methanol on the coated reactor was essentially

zero even at 500° C. This experimental data indicates that the metal in the reactor

1s active for decomposing methano! under effective MTO conditions. Moreover,

this data indicates that undesirable reaction byproducts can be minimized by

maintaining the methanol feedstock at a temperature lower than the MTO reactor

temperature.

[0091]

In another embodiment of the present invention, the percent conversion

of oxygenate over the surface of a metal reactor, preferably in the absence of a

MTO catalyst, is less than 1.0 percent, preferably less than 0.8 percent, more

preferably less than 0.4 or 0.1 percent, and most preferably less than 0.05 or 0.01

percent, or below detection limits. In other words, the invention includes

maintaining the feedstock while it is in the FVI system, especially the feed

introduction nozzle, at conditions, e.g., temperature, effective to substantially

eliminate the formation of metal catalyzed side reaction byproducts.

“Substantially eliminate™ is defined herein as less than 0.05 percent conversion to

byproducts excluding CO, CO, and H,.



greater than 0.5 msec, nore preferably greater than 1 nisec, even nore
preferably greater than 2 nl/sec, yet even nore preferably grepimrphan 3

nm sec, a £ferably greater than 4 nisec. See fo . S.

Pat ent A%S1ﬁ@§&”@% Serial No. 09/708,753 filed hbvenberﬁgﬁﬁggg ?m é;ich IS
herein incorporated by reference. EXAMPLE 100861 In order to provide a
better understanding of the present invention including representative
advant ages thereof, the followi ng exanple is offered. The exanple conpares
t he reacti vitP92lof ddavingwenye Fullvededeissdiihe mvanemiitiville appeesiated act or with a
met hanol feedst . coat r.eact.or at.vari-ous .t erat.ures. 00871 Al
(ot apr asent Ba et fs B8 ML e PRS2 o8} pY BTG I HE Fes o ow 1 eact or
used was a pRamedf WitkinWies & Sigrl, WRBGIH @epdriing drohtik spiHt@hd scbpaGEt er)

| ocated in a furnace to which vaporized nethanol was fed. The vaporized

met hanol weibe ivential.ned at 120C. The net hanol conversion reactions were
preformed at 25 psig (172 kPag) nethanol pressure and at a nethanol feed
rate of 80 |/mn. The control experinment was perforned under identical
reaction conditions except that a coated reactor was used. The coated
reactor was -1/16 inch in dianeter and was nmade of steel coated with a thin
| ayer of fused silica. 100881 The effluent fromthe reactor was coll ected
in a 15-sanple loop Valco valve. The collected sanples were anal yzed by
on-line gas chromat ography (Hew ett Packard 6890) equi pped with a flane
ionization detector. CO CO2 and H2 were not anal yzed. The neasured
conversions of nethanol, which were calculated on the carbon basis, would
have been higher if CO (€02 and H2 were included in the cal culations. The
chromat ographi ¢ col um used was a Q columm. 100891 Table 1 sunmarizes the
results of the conversions (m% of nethanol reacting on the |ab reactor. 1
9 DEC 2006 WD 2004/ 00076f PCT/ US2003/010778 26 - Table 1. Met hanol '
conversions (W% from Met hanol Reacting on Stainless Steel Reactor Wl



Met hanol Conversion (W. 9% Tenperature ( C) Stainless Steel Reactor Coated
Reactor 200 0.02 0.00 300 0.04 0.00 350 0.15 0.00 400 0.34 1 DAL 21060 0. 91
0.04 500 3.46 0.06 550 5.79 0.16 [00901 According to the results

i ndi cated above, a negligible anbunt of netal catal yzed side-reaction
byproducts were detected below 350 Cin a No. 316 stainless steel reactor.
At 3500 C, 0.15 wt % net hanol convers?®n was observed in an untreated
stainless steel reactor. The conversion was much higher at 500 C and 550 C
The conversion of methanol on the coated reactor was essentially zero even
at 500 C.cilkigsexperinental data indicates that the netal in the reactor is
active for deconposing nethanol under effective MIO conditions. Moreover,
this data indicates that undesirable reaction byproducts can be mnim zed by

mai ntai nijng the LYY : RFK mﬂ%ﬁ t MIO
react or tenperg%ﬁ%e. ?%%gﬁggf%gangﬁﬁggf%ﬁﬂ%&%ﬁ%ﬁ?g%) t @gﬁggggﬁppinvention
t he per cemtl/ocametbers camprivig:oxygenat e over the surface of a netal reactor

preferably in the. absepce of O,catalyst, is less than.1.0 rcent,
b of or abl 3 | edlrefirnotegoserk Braush pefed it Buot g evoaan iegsdifss 0. 1
percent, aaBdeinB sitadhe®ied AR, MiREeid Ra8hsOa PO oPthe hozAETsGRIKeted Hithe! ow
detection imts. In other words, the invention includes naintaining the

f eedst ocKhegpialli insplating materigk FVI system especially the feed introduction
nozzle, at condjt.i A ' t ntially
'ﬁ?ﬂéﬁthﬂﬂ% th€infler su%%P@(gf;tﬁ% F(glz?ge da?é{tﬁfe}ééré’tﬁre RV I§R0LAL

elimnate the rmati-on of me reaction byproducts.
"Subst anti al | yosthetimgniat the rdastoclelid feedbtdvkvaiim mslebd@assi¢veantalysO& aper cent

GO o oS Sese OSSO 1%, SR i TR VO

2. The method of claim 1, wherein the inner surface of the nozzle is maintained at a

temperature below 300°C.

3. The method of claim 2, wherein the inner surface of the nozzle is maintained at a

temperature below 250°C.

4, The method of claim 3, wherein the inner surface of the nozzle is maintained at a

temperature below 200°C.

5. The method of claim 4, wherein the inner surface of the nozzle is maintained at a

temperature below 150°C.

6. The method of claim 1, wherein the material is selected from the group consisting
of fire brick, alumina bricks, silica bricks, magnesite bricks, chrome bricks, silicon
carbide bricks, zircon, zirconia, forsterite, high temperature calcium silicate, alumina and
silica-alumina ceramics, diatomaceous silica, cements, fillers, calcium carbonate, calcium
sulfate, concrete, glass, granite, marble, mineral wool, porcelain, portland cement,

Pumice stone, and gunnite.



27 [00921 Having now fully described the invention, it will be appreciated
by those skilled in the art that the invention can be performed! SithiZBba

wi de range of paranmeters within what is clainmed, wthout departing fromthe
spirit and scope of the invention. 1 9 DEC 2006 28 CLAIMS 1. A nethod for
maki ng an ol efin product froma feedstock conprising an al cohol and/or an
ether, conprising: directing the f eed?? ock through a feed introduction
nozzl e having an inner surface and being attached to a reactor, wherein at

| east a portion of the nozzle is jacketed with a thermally insulating

mat eri al ;7. mai Mhainethivd dfRRimh BN @heitthagermdllytinglapgzhReradl cavdreamedsed ur e bel ow
350C, and contacting, in the reactor, the feedstock with a nol ecul ar sieve

cat al yst Partiog of thegxtarior peidiopef thesiozzde oxtendingonterde heeackaran ef f | uent
conprising light olefins. 2. The nmethod of claim 1, wherein the inner
surface of the nozzle is maintained at a tenperature bel ow 300C. 3. The

met hod of8. cl aiTilre jethadenf elaimtlhwhemimehe wrmiaiyanaflatingenaterzd keversatriedsha ai ned at
a tenperature _below.250C. 4.. The thod,of .claim 3, wherein the inner
surface C?Pn{qqé)fﬁgfﬁ?réoripggﬂi%tﬂ%ﬁ nPgle gxtending éﬂﬂf@rtg‘% §P€%hel ow 200C. 5. The

met hod of claim4, wherein the inner surface of the nozzle is maintained at
a tenperature bel ow 150C, 6. The nethod of claiml1l, wherein the material is
selected5%ronﬂbﬁéﬁﬁF@dﬁc@ﬁﬁéigFWﬁ@“mHF“F%?e brick, alumna bricks, silica

bri cks, magneghdie, n ie%Eiéa g%o‘fh&%‘?-’th‘?fnh&kﬁxrfa ' Mtﬁé’HOﬁzfeaMi’lil Q‘Eocﬂ?i%%gﬁem?i reon,

. ! h
zirconia, forsterite, tenperature calciumsilicate, a a and
silica-alum na ceram cs, diatonaceous silica, cenents, fillers, cal cium

carbonat . €216 R e BB G P S R Fen B e '
comprising:
directing the feedstock through a feed nozzle having a nozzle temperature below
350°C and being attached to a reactor, wherein at least a portion of the nozzle is covered
by a thermally insulating material; 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 light olefins.

11.  The method of claim 10, wherein the material is selected from the group
consisting of fire brick, alumina bricks, silica bricks, magnesite bricks, chrome bricks,
silicon carbide bricks, zircon, zirconia, forsterite, high temperature calcium silicate,
alumina and silica-alumina ceramics, diatomaceous silica, cements, fillers, calcium
carbonate, calcium sulfate, concrete, glass, granite, marble, mineral wool, porcelain,

portland cement, Pumice stone, and gunnite.

12.  The method of claim 11, wherein the thermally insulating material coven at least a

portion of an interior portion of the nozzle extending inside the reactor.

13.  The method of claim 12, wherein the thermally insulating material covers at least

a portion of the exterior portion of the nozzle extending outside the reactor.



29 7. The nethod of claim6, wherein the thermally insulating materi al
covers at least a portion of the exterior portion of the nozzle extending
outside the reactor. 8. The method of claim 1, wherein the thetS8EC 006
insulating material covers at least a portion of an interior portion of the
nozzl e extendi ng inside the reactor. 3. The met hod of claim 1, further
conprising: cooling at |east a portiond-“of the inner surface of the nozzle
with a cooling system 10. A nethod for naking an ol efin product from an
oxygenat e- cont ai ni ng feedstock, conprising: directing the feedstock through
a feed norzl e Aaetind far makiak an bRAPPraluLy florh @h OxyecdROContathimeieadytakf ached to
a reactor, wherein at least a portion of the nozzle is covered by a

t her mal | y*4"HE41"&t i ng material; and contacting, in the reactor, the feedstock

with a catal yfeadhe @e FRUARBERIY Kealthg EvAD 1o TR bABHORGIsRKS Or m an ef f1 uent
conprising light o% efins. 11. The nethod of claim 10, wherein the materi al

is selected frdvectitgthgheated fegdsiedkshiongh afeeflinperldatiashed ol anshgter, bodliogs, silica

bricks, nesite.brigks. chro bri.cks silicon carbide brigks, zircon,

21t cont a, ey bFrPL RS o R p B0l Sutp it R RERIR O R R

si l'i ca- al um naoathig, (Sthe déartodMRE ERUSoE Witle A catglgseinh Ssmperath@ros frofal ci um
carbonate,_ calciumsulfate, concrete, glass, granite, marble, mneral wool,
por cel ai m30°pdp 903G do fesmeat effipgiticempdsiomBeht oldingunni te. 12. The met hod of
claim11l, wherein the thernmally insulating material coven at |east a

portion of an interior portion of the nozzle extending inside the reactor.
13. The n¥t hodlhefmethed oh ddm Wheheiem a éwling eredain goolntbe hoatzimtherattbed al covers
at | east f %hgorti an. of the exterior portion of the nozzle extendi ng outside
the reactdf*'1§"BEE 8006 30 14. A nethod for nmking an ol efin product from

an oxygenat e- ciietangdh godlRRAdREdNEK into SGRIPLG vitirein @RtdoBng Mediipadskock in a
heating device to forma heated feedstock; directing the heated feedstock
t hr ough avite g ferdswrk attached to a reactor, cooli ng at |east a portion of
the nozzle with a cooling systemto a tenperature bel ow 350C, and

16. A method for making an olefin product from a feedstock comprising an alcohol
and/or an ether, comprising:

directing the feedstock through a feed introduction nozzle having an inner surface
and being attached to a reactor, wherein at least a portion of the nozzle is insulated with a
thermally insulating material;

maintaining the feedstock below 350°C while the feedstock is in the nozzle; and

contacting, in the reactor, the feedstock with a molecular sieve catalyst at a

temperature of from 350°C to 600°C to form an eftfluent comprising light olefins.

17.  The method of claim 16, wherein the feedstock is maintained below 300°C while

the feedstock is in the nozzle.

18.  The method of claim 17, wherein the feedstock is maintained below 250°C while

the feedstock is in the nozzle.

19. The method of claim 18, wherein the feedstock is maintained below 200°C while

the feedstock is in the nozzle.



contacting, in the reactor, the feedstock with a catalyst at a tenperature
of from 350C to 600C to forman effluent conprising |ight olefiai HéS. The
nmet hod of claim 14, wherein a cooling nmediumcools the nozzle, Ebedfliod
further conprising: directing the cooling nmediuminto the reactor wherein
the cooling nmediumm xes wth the feedstock. 16. A nethod for naking an

ol efin product froma feedstock conpr %ing an al cohol and/or an ether,
conprising: directing the feedstock through a feed introduction nozzle
havi ng an inner surface and being attached to a reactor, wherein at |least a
portion @b. t h&hanedtlod of 8laim 39) wheéin \thd fBeditock hemBmtdinedibetow a30°agvhirt eri al ;
mai nt ai ni ng_the feedstock bel ow 350C while the feedstock is in the nozzle;
and conthsdesdstpekininghengzgléet or, the feedstock with a nol ecul ar si eve
catalyst at a tenperature of from350C to 600C to form an effl uent
conprising light olefins. 17. The nethod of claim 16, wherein the feedstock
i s mai nt &l ned Themethod @0 Clawhil b furthéreompaciag.amklingatileast mpomion pf the 18. The

met hod of claim 17, wherei.n the feedstock is maintained bel ow 250C whil e

t he feedSPﬁ%%WHEaFR“PWE“ﬁ Y2 e. 19. The nethod of claim 18, wherein the
feedstock is maintained bel ow 200C while the feedstock is in the nozzle. 1
9 DEC 2006 31 20. The nethod of claim.19, wherein the feedstock is

mai nt ai néd- bellBamedod afkleim 21+ ehercamprisia: inwlatingah keastehoriéon ofthe The net hod
of claim ggp{' - ng- | ing at | east a portion of the nozzle
with a 08% ﬂ%g“ﬁ%gﬁﬁﬁﬁ 2?h§h@9ﬁ%ﬁ g% of claim 21, further conprising:
insulating at least a portion of the nozzle with a thermally insulating
mat eri al .





