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convert oxygenate compounds to olefins. Silicoaluminophosphate (SAPO)
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[0004] In a typical MTO reactor system, undesirable byproducts may be

~ formed through side reactions. For example, the metals in conventional reactor
walls may act as catalysts in one or more side reactions. I1f the methanol contacts

the metal reactor wall at sufficient temperature and pressure, the methanol may be
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SUMMARY OF THE INVENTION
[0007] The present invention provides the ability to produce light olefins

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

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

[0011] This invention will be better understood by reference to the

Detailed Description of the Invention when taken together with the attached

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

to the formation of metal catalyzed side reaction byproducts” is less catalytic to
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[0018] A portion of the feed introduction nozzle may extend into the
reactor volume of the reactor further increasing the formation of metal catalyzed
side reaction byproducts. The temperature within the reactor volume is generally
much higher than the minimﬁm temperatures that are conducive to the formation
of metal catalyzed side reaction byproducts. Heat from the MTO reactor is

transferred to the nozzle which may extend into the reactor volume. This heat
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t habacr sygamtindluB&y 4 fe@dlstock vaporization and introduction system, or FVI
system, which is generally designated by numeral 102, and an MTO reactor,
which is generally designated by numeral 104. As defined herein, the FVI system
102 is a region of the reactor system beginning at the point that at least a portion
of the feedstock is in a vaporized state and extending to the point that the

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




of the feedstock is in a vaporized state and extendin

WO 20HA3HS# nt that the feedstock exits the feedCT/US2003/027794
i ntroduction nozzle and enterg_the MIO reactor, as WO
2004/ 037753 PCT/ US2003/ 027794 -8 illustrated in Fig.1 .
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product effluent 118, as shown in Fig. 1, a heat . )
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i nheaggaievion 100 »ill saust 2t irastzyanhen ef thedesslsoclstaam to

[ 0023]. After bei ng heat i.n the heati devj ce 106, .
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Conventional feed introduction nozzles are formed of a

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

temperatures to form undesirable byproducts. In accordance with the present

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




O

carbon steel. The netal or alloy may act as a catal yst
WO 2WH@437 53 act i ons at high tenperatures to for RCT/US2003/027794
undesi rabl e byproducts. In agcordance with the present
i nvention, the nozzle nmay be fornmed, at least in part,
of a material which is WO 2004/ 037753
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formation of netal catalyzed side reaction byproducts,

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

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




descri bed above. The material can be an el enental
WRM0373d al | oy, or a nonnetal. [0028] The  PCT/US2003/027794

conposition of the material _tygat is resistant to the

formation of netal catal yzed side reaction

byproducts, and that may be inplenmented in any
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coating layer on the inner surface of the at least a portion of the FVI system is
particularly resistant to the formation of metal catalyzed side reaction byproducts
from a methanol-containing feedstock. Exemplary non-limiting alloys that
contain at least 20 weight percent chromium include 309, 310, 329, 442, 446,
904L, 754, TD, 758, 693, 602CA, 625 LCF, 601, 690, 671, 617, 263, 825, 803,
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coating layer on the inner surface of the at |east a
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70 weight percent iron, preferably less than 50 weight percent iron, more
preferably less than 30 weight percent iron, more preferably less than 10 weight
percent iron, and most preferably less than 5 weight percent iron. In contrast,
conventional feed introduction nozzles formed of carbon steel contain more than
70 weight percent iron. Iron is a particularly undesirable material in the FVI

system because iron catalyzes the formation of side reaction byproducts from a
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70 wei ght percent iron, preferably I ess than 50 wei ght
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Alternatively, at least a portion of the FVI system 1s formed of an alloy se]ected
from the group consisting of TD, 758, 625, 601 and 276. Alternatively, at least a
portion of the FVI system is formed of an alloy selected from the group consisting
of 693, 602, 690, 671, 617,263 and 956. In another embodiment, at least a
portion of the FVI system, preferably the feed introduction nozzle, is formed of a

material other than carbon steel.
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304, 316, 400, 330, 800, 600, 825, 601, 625, 617, 956,
VO 20MKNETIETL. Al ternati vel y, at least a porti oRCHUSE}&/027794
FVI systemis fornmed of an afjioy selected fromthe
group consisting of TD, 758, 625, 601 and 276.
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accordance with the present invention. Comrerci al
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wei ght percentages provided herein are non-limting. O
WD 2004/ 037753 PCT/ US2003/ 027794 -14 Table 1.
Appr oxi mat e Conpositions of Commercial Alloys Alloy Ni

C Fe vn Si Al Ti COher 754 78 20 - - - 0.3 0.5
0.05 0.5 Y203 TD73 22 - - 1.4 - - 0.01 3.0 M 600
72 15.5 8 0.3 0.3 0.3 0.3 0.08 - 758 67 30 - - - 0.4
0.5 0.05 0.5 Y23 400 64 0.1 1.6 0.7 0.1 0.02 0.4
0.15 32.2 Cu 693 62 29 4 - - 3.1 - - No, Zr 602CA 62
25 9.5- -2.2-0.18Y, Zr 625LCF 61 21.5 2.5 - 0.1
0.2 0.2 0.02 9 M, 3.6 N\ob 601 60.5 23 13 0.2 0.2 1.4

0.4 0.05 -




690 59 29 9 0.2 0.1 0.3 0.3 0.02 -

VW0 2009/027753 3.8 W 671 53 46 - - -

22 1 -

0.11.20.40.08 12.5

0.3 0.10.52.20.06 20 Co,
0.10.110.02 3 M,

1£%

276 57 15.5 5.5 -
0.3 0.3 0. 03 PCOUB2®027794
9.7 M 263 51 20 -
M 825 42 21.5 28 0.4

2 Cu DS 37 16 41 1.0 2.3 - -
O0TaBle 1. 3§9p3(51ﬂ29te4€orﬁp65131035 of €ofhrlercial ARyd0 18 70

1.01.0 - - 304 9.25 19 68 2.0 1.0 - - 008 - 316 ]2
17AB&y 5 2 0O Wi0 |- €r0{08e2[5Mw | A0 |- Al2.|585.14 €. g Other
1.0 15 . 03 34127 .36 1 0108 40 140, 84—
7544 21 39 ( 47%. d 028 0.6 0]03 4.]2 M | 860/|8801-|I 1032 0.5 Y203
245691037 0 47007 =956 5 545 LﬁF ,
Tlé 05 0.5 Y203 WQ 2%204 037753 PC'I/US45003/ 027794 O% 3-0Mo
' 6000035] As'|I ngp cat ed sabove, [thg maey i1alo.3 hato.3 s 0.08 -
resistant jto the for#im of etal |catallyzed iside
7¥%acti on Ryppdduct 30 mpy be |a nor- et 3| 04 ns@atf AF> | 0.5 Y203
mtitaorial o that lnrA ~anmnal] A ~f 42 H vaollat + vl
CCT AT 9 L) C AT \ 92 l'J 1 1 v I 1 <
4Cm*gh press urég and@ errpgl'r’at upgs, Eg : hosdef 0-15°1 322 Cu
GO ENPET at Ur|es gand| phes3ur£s [Lypi cal - BN FVL SyStem Nb. Zr
of an MIOjreactor, are parfticullarly effective jat '
60Adiici ng tlheb6RorpraRfon 8f5 netal |catal yzZed side | 0.18 | Y,Zr
raactinn hvnrodiet Eva lLaryv InAan rmnt Al ol + hat | nny
T U1 IJ] AA] . T T AT y LI T T C E=J C L )
63k at 1 dasPla pgljt 4f 2thd EVI gﬂst e 7 nelde| 002 | 9 Mo,
insulating materjals quch as cerjamcs, firg brifgk, 3.6 Nb
high tenpgrature| caldiumsjilicate, alum na_and
681 1i ca- al Um &5 clr 8k ds,13dila @&a‘cébljs sli4i ceO"br W05 -
and—cenrents '—*g'* +J5'ger — o) opt-peh +he Oi(ﬁn:“
6g%rface of ais’l east”a po?ti oﬁ)' okqﬁe I'R/? y% : )
2660., Uhe freagd i NUoAUCEipN NoZZf €15 §.0T rrmjzo the] 38w
insulatin mat erial . |For aJddi tional |nsulating
6t er i fal s Wwhis8h my*6be i ncor perated i n @he Q)Pe>é)rﬁ3 -
S et O S e Pt ey Prpces ST FenriFoPR 4 008 | 123 Co,
9.7 Mo
263 51 20 - 0.3 0.1 0.5 22 1 0.06 20 Co,
5.9 Mo
825 42 21.5 28 0.4 0.1 0.1 1 0.02 3 Mo,
2Cu
DS 37 16 41 1.0 2.3 - - 0.08 -
330 35 19 44 1.0 1.3 - - 0.07 -
302 10 18 70 1.0 1.0 - - -
304 9.25 19 68 2.0 1.0 - - 0.08 -
316 12 17 65.5 | 2.0 1.0 - - 0.08 | 2.5Mo
410 - 125 | 854 | 1.0 1.0 - - 0.15 -
803 34 27 36 1.0 0.8 | 04 | 04 | 0.08 -
864 34 21 39 04 0.8 | 03 | 06 | 003 | 42Mo
800/800HT 32 21 45 09 | 0.1 04 | 04 | 0.07 -
956 - 20 75 - - 45 | 0.5 | 0.05} 0.5Y,0;




Davi dson eds., McGaw Hi |l Publishers, pages 4-137 to
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herei n by reference The spef dfic characteristics of
the insulation, e.g., density, material and

t hi ckness, i npl errent ed in accordance with the present

| [0088] i on Ay ihdcael srivedhbasedidrhdt ierespesi fo the formation of
reaction conditions inside the reactor, the

cHsiRdsitelyeed HAuTIsRY Iebaqloqw&pr@?w bea nep-mefal. flagdatingaraterials
aﬁﬂ% artetag %?@P&Itfl%tm 1‘%11%1391&%13) ﬁfeggswg% 51 aercémt% ratnprgs e.g.,

evi ces nes. an rod

NebEE %mpe[ 036 hnOpickidél thyicaltinghd BeU sy s offus MTID reactor, are
nozzle, or other portion of the FVI b%stem is formed

oparsgulaTly efferbteat I%‘ﬁtnﬁlth‘? fgmetier obmets Aafiglyzed side reaction
I I t n
”8 %glﬁcqgo%)y m@&rp @Et}{rﬁ gIr%tgﬁag%h% a‘?‘i’ea‘éﬁgaﬁ%‘of he Wx
rrayswm &icﬁude‘ﬁhﬁjlatnfgerha&ﬂﬁle stidyashi@ranick, e biricky Hifh féniﬂ&ﬁature
outer netal- containi ng tube. Optionally, t he Tnsert
i §alﬁ’é1IUUSII1?PtE>I Aepinggaf slica-phenisy fERrmEen distemaggous silica brick

&ﬂé ﬁﬁcf]#l Cirl BiSe %odegﬁ i @?JI%%I%S oiF a? feast a dportlon
exa e, i'nt roduct 1 on * N0ZZ
ofof &m Riﬂlts@rstenetefg thotkzl mtimimm@a avvzld) msefonnes ef thefxmutmﬂc
of th .material . e |nsert i ncl udes a
SIS %fI?g TR at%m@@@a St WRkD mayybeIRsaPgratedin the
t ﬁ?ﬁ%@ﬁﬁgvéﬂlotherP%ﬁgkﬁﬁl P%Bbéssm?i‘{atntago&gewsﬁ %%dfdng"_I@L

rough pi ece f roduction nozzle, the

f Msdson chs:oIIVIItCQca\s Hilh8ublmbatsapigeg 4rkd 7etoidal 47 Wb ER thteagirety
no zed the of si-de reaction e
g ke SRR hErelR b R erGier dspEoRe SRgepigics of the
t BrQugidnt 88, BehEs, MhtetilandaRcRBEse] iniféREh@d iPdordance with
cont act the i nner surface of the net al portion of the
f dBePIcpRY dRMFEHPDMaN 52 s¢lectedNprsed 08/thg yrasHic reaction conditions
P %7 I r

ey e digt e omelap gt phA Rl Pl R ok ikl ang
elthﬂeasmmsnmn ald mysiveltpopealies dfabe heatingsiesicantlings antver feed
for{‘[a%‘ﬁ n_of tal catalyzed side reaction
byprd §n° ®Yescri bed above. [0037] Optionally, the

oyvese)mat er i @thﬁmg ' OthB B d GhtrSiuda6n ABEAE, JFRIRT ipdttiontofidie
does not catalyze the formation of  si de reaction

byipYbwyistens 1§ fosmedet ameier metphcipaing e preprduitmprehanically
f
ngoﬁ{jadh&{)gﬁqg H&%hﬁ&d%ﬁf# Phér {:88 Bd, %fult fIIﬁnQCI ﬁ&sro%'étor more

naterial's are resl st ant
f oiomRine@hmateriaist thedmteahyieﬂa)sb&jm irRend twitin the outer metal-
byproducts. Preferably, outer. material is

now%%aéutﬁo rntonally. ik ’@F%ﬂs hedf! ingplaes a&aaﬁw@\%lfﬁr conduit by
3@%9@ mtté}g Ioﬁggﬁ%«ﬂgﬁntaehésm P L 0aAL1eS e £ NERBiuction

n anot er e I ment of the present i'nvention,

t heozzienaay belfdraed of af omtlaernemdanmzlafrbz{\en@ﬁn irhﬁr heeat Tfmgled of
det\flle%r?s%’lat{negergatlarlwﬂesi"hg ?ndsé:r? r1nc]ue es aI C%Elgl?l(gt ough which the feedstock
may pass as it 1s directed to the reactor unit. As the feedstock flows through the
two-piece feed introduction nozzle, the feedstock contacts the insulating material

which does not catalyzed the formation of side reaction byproducts. A minor
amount of feedstock may pass through the pores of the non-metal material and

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




nozzles is coated with a naterial that is resistant to
Wh¥o48F778t i on of netal catal yzed side reacti oRCT/US2003/027794

byproducts. As the feedstockgill contact the coating
material, the feed introduction nozzle need not be
formed of a material resistant to the formation of
rEta) the atethlypetios bflbe feddhiraduchppmnodile batuonkliyss fonned of an
this enbodiment, aqone or nore of the heating devices,
federmentrlfasallon anaerigl dad 1s epsRBLIeAPE 9p pgietal catalyzed

' : rial that is resistant
?Sgaét %g%%}?ﬂgﬁi@gg’g ger?g{lg?d %@?gl yzed side reaction

bigprYduct s. OptibsalBirtiediumee miatgiavs fiesed bhie nagaedal material
benefit of all ow n% the retrofitting of an existin
[

ROt daps neheate)yps Bigiteranatiop of gide reacsied by proguets digmpmethanol.
t - dasi - ks 1 ho

o s SPEUCRKERE R (O 1RBOEIL B pOAAE REHEh B B MEHBrem pe-
ahevemdesiaid thedhrewdstttdna tsthaomitivay fihectircatagypea sidd réadtion
the enbodinent of the present. invention wherein at . .

| Bepspdueis opretessblys the AUCHPReERLISARONROTP Y BRigmetel gaterial in
TR lodhet it ok Spd i3S fRBloliC1ol BE L REIREN AR RenfT™!
cat al yZed si de eact1 on byproducts may al so be used
af088 coat imgnathtrenitadimdé@oppdre @macknc opp@ion, dld 1ays sarfece

al particul ar ffectjve as. coatin terials, ©Mny
rf%fflﬁsage PBPOT%Bé\%FE‘Qa‘Wét F"C%rfF%‘g@%esa?%éﬂ'EﬁW“ﬁf?fi‘lﬁﬁ%“

afdzz1e388 coRedwithd mateR RN SrelRtint B thd SorBftRion b® mi¥aINS,
5,972,429 to Bayer et al., and 6,165,286 to Bayer et

atatalypddl ghe paction hyrappisisatAithh deasisiockyvill sbriaettbe coating

[ 0040. indi.cat ed..above, th sent i.nyention. m
ety e AT AR SR ol Bl BF B Y S B¥ramt o
petfbenatityn dfhBetEM a8yt efdcasabtion Hypasdintec hagnh giined
therein at a tenperature effective to reduce or

ePPRPHEELINE OF SrHRPT BR eF ngetcy condeebbagseas/es feed
PO IRAA3A 21t Wptionall) r@finkd ©F aHhAErid 838 id RRistant to the

1
byproducts. However, fraintaining the tenperature of
t femaHYh of yetad watahdtdsidé emdBombRprodndtai Ted etfhedi@ient povides

o BFETBRRY of im0 Bline s BRe 3 V3P Brovide
WidrCde cred abfonhti s GihéthICardly26dRi @Rh& i dnhts phetudRtwiedup f

netal catal yzed side reaction byproducts.

AseEli eglaging the exigien Vofyse reacti on byproducts

o7 ed by V| j j .
D, et B Pl RREA G B tirblboddiba fp the
hiegtbotimnge oé therperssent D0itjonOrieereiatan tedstof pdeeep bfithe FVa system

‘i nner 1. of at |east a portion_of the _FVI system . '
A RICERER T A Rt d SRS TEOR A MO PTRRERRPfmstal gatalyzed side

SR X  SUES h BAPL ol oo
i allbys are also particularly effective as coating materials. Many methods for
coating metal surfaces are known in the art. Sée, e.g., U.S. Patents Nos. 6,139,649
to Wynns, 5,972,429 to Bayer et al., and 6,165,286 to Bayer et al., which are
incorporated herein by reference.
[0040] As indicated above, the present invention may include maintaining

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

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




thermally insulate at |east a portion of the FVI
W 0emp7®3g., a portion or all of the feed PCT/US2003/027794
i ntroduction nozzle, with an jnsulating material.
Non-1imting exanples of |nsul ating materials
i nclude: ceramcs, fire brick, high tenperature
¢ ahtalyred sBieI regaiod byﬁfddm:tnaHamévsﬂ hia@aaialngnth@&mperature of the
(ﬁ\ﬁm CS, torraceous silica brick and cenents and
fi

e%Y§terrF%ﬂd erdgrqstiessLrnimnsa thiareings RAecPRPY fantbeproseyt
b
oy o LRRARE St FV1 SerblsaRN fr ARl B0 o el which

Daloiesinoirsigi icantMoyZomotetiht forRiatibh shmvetal cpagesd ddd teéctich
4-147 (1967), the entirety of . which is incorporated

éwrcrsiusgﬁ rAefeerEingly, thTﬁ@Og’&fétfl sfdegeactiparbypiadiurs redycest by the
apd L,hi ckne
fﬁé{éﬁ {gl] é%:gﬁrdgg%o\? anc?ré%{1 H%%rﬁ[dn?{él%}eﬁ‘?l I'nVent t%%table
maeyzebet sigheahpetatugzed on the specific reaction
condi tions inside the reactor t he conp03|t|on and

pf{%mal pr ofp8f Tiiedwdf kegmipe thedpayr grall Ofaqiéealsh@pomon of the
CAPOSsten BB lo Y Bl d&@ﬁ{xéaoﬁg%eg at PERREALIR Yffective 1o
[ 0®dde drreliannth e}ne ﬁ)lmbatd)mﬁnnetalf catdigzeﬂrsmmctjdn\k@fptddl)ﬂs is to

h erat.ure t he .fee oducti on nozzl|
TR e o Rt AT A GURE B VEOKY oS 1 8 Petioriarll of the
t h@é&ﬁftrc@ﬁ%&{ nd DR, t@tﬁ@%ﬁ%‘l‘atin@%ﬁi@malWonbl%nﬁ&%te& n’El‘ég of
with a cooling system Many types of cooling syste
conbwatyeg mﬁm@lmnclede icpratrhes, preelseait, highviempemature c#ignm -
t he co9 stem na mciudeac ollngkagg)

i ﬁaluwsﬁneaﬂw Gl e SR D e

nogletits AR B0k Rer AuRdioual ihbaend MeRHAR Wiieh fidh@e and
around the feed i ntroduction nozzle, the netal in the

f BACTPRFALSHARCPF BFFSFRY IR cation seqBr T olgumfigctsesaadkook, W F.
f 1 8¥hAgnk 8 dsa t
t enper a?u?{gt\?%g\goﬁ%%%?&ggﬁ%%]ggggs 02?7%:5 & 137 0 4-147
ef fl867). ve endiretiy if wihzeh is incefmiomitadihereirhtey federamdei &mecpemﬁc

si de-reacti roduct s 0431
oAl R AP et Rlos AL, Al YRR s RO Gbmented
| Sin d¥BbridbAte R #e RedcnPOERIcN BaEhd 8GLdt¥EbIsEd bE BCPecific
mnimze or_ elimnate the formation of netal

calteapwaépnéiﬁeféw@%@q the Feastpprtbel Gegosition apd physical properties of
FPBRILRR. i LORIOL B0 B A 0L 9500 e

thbnésoh:hdiwr fegd pordduotien mfzziehe FVI system at |east a
Lp Sﬂ of tge hegtl rllrg& devi cg at | east portion of
e, andh 8RO qRnodiment GhheiREe “‘t"ﬁ’é“%‘@& temperature of
; e QP Ik QR AREE B 71 TR SR Wien BRI BOMER
feedst ock throughout the FVI n systemis pr e%né‘ra
bethevecdilbodior ﬂ&d&dsﬁ&@@selﬁ@ﬁ@ b2&HG01120 0@thor cd@dﬂlng\system.

Many types of cooling systems could be implemented in the present invention.

@ surface

For example, the cooling system may include a cooling tube helically wrapped
around the feed introduction nozzle. As cooling medium flows through the tube
and around the feed introduction nozzle, the metal in the feed introduction nozzle

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




about 150C. These relatively | ow tenperatures may be
wmkwasmeéd by controlling the heating charact BETAS2WHS/027794
and nunber of the feedstock ;heating devices, and/or by

i nsul ati ng and/ or cooling one or nore of the fol |l ow ng
portions of the FVI system at |least a portion of the
heRbiiood8Mi R ES or @limhRasthe doiion @f nthaltchmlyzedasle-reaction
and/or at least a portion of the feed introduction
ryprddests. as discussed in nDre detail bel ow.

i singly and

TR o B PRIREE S Shep N BB
fagidehReakat h RéiRp&ratted effdcve @cﬂfkﬂﬁd&e dﬁﬁﬁmﬂebr ehmmate the
substantially affect the formation of fins

i formgorMInetebertay zed] Wmactmdwr%fvsfﬂ 9n éhls em%oglmem the

nati vel the nven
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Sibfasrate Rfllotvh %E@ﬂ‘l@ns yaperviaysen: ﬂﬂdaslt ﬁtpf‘oﬁtctttDGf therheating
system e.g., e inner surface of the feed

i fgviced eickensia motzczn @f thefing apdiepat kes) @@%%%ﬁ the €eedo
e or elim
S}ngrg%pcég)& rfo&ﬁleb E pet% tfeﬁ)lgjé% élég (8)1; 1216 r%%fs%ck ﬁﬁ%ﬁ%ﬂ&ﬁ the FVI
ts preRYSN b@le atbbet A@pes $0°a; 80@AC, LE@°C, 200°C or below
met al - cont ai ning inner surfaces of the FVI syst em may
bebcmlll AOAT.nEhksatrelatieclyl ko temberaswise may beaniiptainegdni @pirolling
Ways. no h
d é}tﬁ l@égng ‘EIP?éaqt?T}Féagg B]éq Wétgﬁer éhef féag%s? }%e%tmg @Ed\élg& and/or by

?}Qutal'ﬁﬁ Leedr béﬂlfn%%%tolr aibré 62 &k Eolddwing @hﬁﬁ]s oﬁﬂda/K)VI system:
t I ntroduction nozzle itself may be |

wiat leagt atmcwatﬁ the bpajingede) ifgs-patcas aapomfn@gﬁgl]e lfnes, <& at
o %altsf %g d ?62 gjs fa et{ ﬁ)ét%ﬁﬁctto%l r%ré%lg@ s (afsrc]{fg%ﬁg irP I—;w'f@@etall below.

I nes ween t eed heatin
An dnd heexipeerddlynthe dmwctthawcfpzrhcbthaamnwodttcrqen of a

fee i nt roduc n nozzle i

déwveenptfﬁmé%ftﬁgw iloh £ het ﬁ?bﬁﬁg%‘t & n8? 5 a“{)g‘ 3, tfect the
PGHLHAD Qiflfgv\ool'éﬁhs Vet ITO FeRtdrnvention is aI so

dlrecte 2004/ 037753 PCT/ US2003/ 027794 -19 an
FMD044]st em hadditignallyt asriiermatively, the HiveahYhigretied and system
contr II|n featu zzl es

| nteg]lug émg& al 1% st%q;grtﬁo% tﬁ?ﬁm‘epi rf’aqeﬂﬁf B fEKY
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systent [0046] As a non-lim

rsteitcesoste, & AGBEPTEIS SHECURG FRBSet lripafppfprmation
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I on caused by heat transfer
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i ntroduction nozzle. A feed introduction nozz | 8or

shoNaem meYREgnaiptamer ot hgdedrd HEPPEREE g 2 0(5“? y 2621“ aysrh

POLL A e O netd? $ndrE B8 tHeHeh@IGdVI @R, thD BiAed BetWhbiCtheif8ed heating

Y fhe reactor vol ume 208 is identified as the

i ndevinal andake feed introduction nozzle or nozzles, and/or the feed introduction
nozzle itself may be jacketed with a thermally insulating material.
[0045] Additionally or alternatively, one or more of the heating devices,
the lines between the feed heating devices and the feed introduction nozzle, and/or
the feed introduction nozzle itself may include a cooling device for controlling the

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




section 210. Methanol stream 206 fromthe heating
WeHi0gB3 (ot shown) travels through a |ine or PCHES2003/027794
(not shown) and enters the fged introduction nozzle

112. The net hanol stream 206 passes through the feed .

i ntroduction nozzle 112 and enters the inner reactor
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Accordingly, even_ the portion of the inner nozzle
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Opringpd | hegause e fepddonkapinigniia eqql dhe mnor negzlecyiaee 216

P PLELAS, AL 108! SRSEALR,5S5H ERIFH0: 0l B o

alHoeffagdriaV &l the rédeeoriwiwbatattt®e FVI system outlet 116 because the flow
characteristics of the feedstock as it enters the reactor volume 208 will tend to
direct the hot material away from the FVI system outlet 116. Accordingly, even
the portion of the inner nozzle surface 216 that is adjacent the FVI system outlet

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




material may cover a portion of the FVI outlet 116.
Wb M3ITFYy, the insulating material may addit PERMSPY3/027794
or alternatively provide i nc,peased thermal protection
for the netal contained in“the feed introduction
nozzl e and the feedstock contained in the FVI system

e Bxh AN dfnthPcdiN$eddat dgadthinesyipadductt Gn @ttt ofords, to the
through the reactor wall 204. In this enbodi nent, the
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I nin y 308. A secon
| @ager wall a0@! &1 thiyérmbettiment, tlteuipemng intheenetadr wahitirelghy
to the feed introducti on nozzl

dz e %ﬁz.ther ecgﬁ] f.%r.rri na i
awhish s teed aptrafycHaR A SIS JEURY TRESFLERIIER

P i398atirfy ﬁ%hmg R EiskMe3Q4otoSHEN BBLHVAIRT her a
cooling steam e.g., froma water stripper orfquench

tmwelatmg)mamml et %graméﬁoewe@ﬂ to RRNAT 3¢ A alH?Wé?ﬂ of the external
i lﬁ@gr at t" cr)r? /_EE gpthltel}ged( 1%59&15(:9%5 é:'ogzlt': h(f2f ?ﬁg insulating material

on nozz i ntroduced into cooling”
Patak \eRYN3 A6 cater @dditiong areds ef 1RV bsydtans Eorrexamategthei n

the cool i ng. pat hway 3 6 around t feedstock in
f SeulstiBg AHNIRE) S08. 2 Al ootipp sy hedainE dfect Bnd/SPrme
ggrés@ BR6 Qﬁgf%géstockzﬂ‘om Rhefirfiabiyvicexioandt fed mazohetion
e

cool i ng pat hway 306 is cl osed- of f so
t hatzl¢. he cool i ng nmedi um f| ovvs tovvard t he reactor.

ock p sses, t hrou oC. V.
B AR R A T S o E A i men
Pas aRthrtneusknliiewheeld g feRativeduciion nande M2 hxdhﬂ\ﬂﬁa
heat fromthe feed i ntroducti on nozzle and/or th

fe:eqlsmgm{ste@gewaim @ﬁjlanh@dfbéé@ﬁeé@kﬂoand*sﬁh@wﬁﬁﬁgb 3, the feed

SR Bl R S B SShad S A el

C Aty SNt AlseRfld drger digfiper aflindeicelf thibetsi oriented coax1ally to

mtgle Ir”geé ?ntroducnon nozzle 112 thereby forming an outer cooling pathway 306
around the feedstock pathway 308. A cooling medium 304, such as water or a
cooling steam, e.g., from a water stripper or quench tower, or any other material
having a lower temperature than the feedstock in the feed introduction nozzle, is
introduced into cooling pathway 306 at cooling inlet 310 and is circulated in the

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




or elimnate the formation of netal catal yzed side
WA Shypr oduct s. . [0050] Thi s enbodi ment oPCT/&2003/027794
present invention has the addjitional advantage of
providing the ability to contfol and vary the

tenperature of the (3 feedstock and of the feed
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which is incorporated herein by reference
c@@ri(qxgemn@emwﬁﬁy cpelingaheditmdviiich passpeocr tlmtmoezbfand

re fully discussed below [0052] Fig.
F%%s%ﬁﬂéesgfhe cooling system 302 traversing the
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coufiisiibe fopd tlletmdmzomagzztﬁw@‘nn tirereectb ﬁmctgghahluamtl ontlat 312, the

poL L ntern nozzl e f t he
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section 214. ol 1 ng syst em may ex
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f egdaiugfinal He %lfe@t%d RS nflRY b BleShiuk s hitte KB hiscussed

i ntroduction nozzl e.
below.

[0052] Fig. 3 illustrates the cooling system 302 traversing the reactor wall
204 and covering the entire surface of the feed introduction nozzle. Optionally, the
cooling system 302 may provide thermal protection for a portion of the feed
introduction nozzle rather than the entire feed introduction nozzle. For example,
the cooling system 302 may cover the entirety or only a portion of the interna)

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




[0053] In accordance with the present invention, the
Wa@eken3 g and cooling enbodi nents, di scussed RODVE2003/627794
may be conbi ned. For exanpl e,njothe nozzle may include

a feedstock pathway, a cooling systemand a jacket

fornmed of one or nore of the thermally insulating
meehn@bystath styssetanhoy exterd pirbally hleerjtiadk ¢iroogh thegeactor
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can be maintained at .a tenperature effectlve to

r Rfysabproperifg Abihe heatngrdsivieas aushthe hieieallpreraries/ofde lines
SARnESAROODER IR SR & ram bR R0l Reay o

I nalmmmtﬁzﬂb'odprcemmw off ktee Sameer diffdrerit-jeckretiag hdyees and/or the same
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Because the feedstock is mainfainéd at a tenperatire

ef ¢rebedimenisanayaharommnediwith dedewdempenatuge fqed@fgcld embpriment.

I F | ng of
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net al -catal yzed side reactions. Alternatively, the
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feeds{ig‘glg%omm%rgaﬁht ai ned bel ow tenperatures conduci ve

t o[do3e] f or math gRe GhbdEhdht, SRtk 2RHalSdd@aining surface(s) of the

FVI system may be maintained at a temperature effective to maintain the

feedstock at liquid-vapor equilibrium throughout the FVI system. Because the
feedstock is maintained at a terperature effective to maintain the feedstock in a
liquid-vapor equilibrium throughout the FVI system, superheating of the vapor is
minimized or eliminated thereby reducing the formation of reaction byproducts

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




W0 eHteésS¥or the ability to nonitor the

reaction byproducts. [0056] The invention also
t enpePaTWIS2003/027794
of any point along the FVI sgsten1inc|uding one or

nmore of the heating devicesi"the lines, and/or the _
feed introduction nozzle. For exanple, a thernocouple
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in nore detail below accordance with the present

i repeling eysteraembedsrenyolibe PraspntonveHen e chgiastgrftics of the
espeshally; I SR8 (59 3 1R AefeS st
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comediciy e.gt, dlavheaté axdienttempersfurgranayl baompdifieddel lasyerdhe

20BHRSF 8 T BErPRREINGETF S35 4° PODBFRHES IFT RS Atres-

bymogdpct s.  Phiferablyhtie RoRGi oS inANEMT® featty ilduding the
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accordance with the present invention, at least a portion of the FVI system,

especially the feed introduction nozzle, is monitored and/or maintained at

conditions, €.g., temperatures, effective to reduce, minimize or substantially
eliminate the formation of metal catalyzed side-reaction byproducts irrespective of
the conditions within the MTO reactor. That is, the conditions within the MTO

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




nol ecul ar sieve catalysts are particularly desirable
WOn08HEXi 78 conver si on process, because they arRCHUP3/027794

sel ective in the fornmation of,,ethyl ene and propyl ene.
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contal ns one of nore oxygenates, nore specitfically,
opefagrblydren ldpganitonatmpeund(s) contai ni ng at | east

0 ygen om. Ln the st pr.eferred. .enbodi nent, of )
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al i phatic al cohol (s) where the aliphatic nnlgéy of the

almeatptansandrealay lpespaptan, glkydr seliidpbsichtas methyd selfide sadky}-
fror ._at . .

| 5950 s ORI AP BB AL PEAEL R e
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an anched chai.n ali.phatic. al cohols and their .
oAl bR S e 3o pi S R e o RIS, SRS Bs s such as
oxyapmies i nclude nmethanol, ethanol, n-propanol

i sopropanol, nethyl ethyl ether, dinmethyl ether,
diled§ly| et hdnamt rrs@pmépwne@t pEthe preseandidbh jyention, the
di n ' on aceti c_acid, and
Tk BRERBTR: 8 o BBt PAEP Spes bl R o

2 Qg et OO BSrkAG) cbiiZRNRY £2da804ne @Hrgen tatien.f BEES e kprefrred
sel ected fromone or pore of methanol, ethanol,

dicfRoRimentoh dhe proggsephifivertigne thegpxygenase hadeedptock is one or

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

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




[ 0062] The various feedstocks discussed above,
WEe24B0Tarly a feedstock containing an oxygerf&Téys2003/627794

nore particularly a feedst oglg cont ai ni ng an al cohol

is converted primarily into-one or nore ol efin(s).

The ol efin(s) or olefin nononer(s) produced fromthe
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process, a methanol containing feedstock i's converted
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composition into one or more olefins, preferably and predominantly, ethylene
and/or propylene, often referred to as light olefins.

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

monoxide, carbon dioxide, water, essentially non-reactive paraffins (especially




nitrogen, with water being particularly preferred. In
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di l uent. [0067] The di | uent, may be used either in a
liquid or a vapor form or a conbination thereof. The
diluent is either added directly to a feedstock
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reactors, riser reactors, and the like. Suitable conventional reactor types are
described in for example U.S. Patent No. 4,076,796, U.S. Patent No. 6,287,522
(dual riser), and Fluidization Engineering, D. Kunii and O. Levenspiel, Robert E.
Krieger Publishing Company, New York, New York 1977, which are all herein
fully incorporated by reference. Dual riser reactors or other reactor designs

optionally include a plurality of feed introduction nozzles, which may be formed




reaction byproducts in accordance. with the present
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riser reactors generally desgribed in R ser Reactor,
Fl ui di zation and Fluid-Partitle Systens, pages 48 to
59, F.A. Zenz and D.F. O hner, Reinhold Publishing
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autogenous pressure. The conversion pressure is based on the partial pressure of
the feedstock exclusive of any diluent therein. Typically the conversion pressure
employed in the process is in the range of from about 0.1 kPaa to about 5 MPaa,
preferably from about 5 kPaa to about 1 MPaa , and most preferably from about
20 kPaa to about 500 kPaa.

[0074] The weight hourly space velocity (WHSV), particularly in a
process for converting a feedstock containing one or more oxygenates in the

presence of a molecular sieve catalyst composition within a reaction zone, 1s
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defined as the total weight of the feedstock excl uding
WAVIMY30EAt s to the reaction zone per hour pePCREIgH3/027794
of nol ecular sieve in the nobgcul ar sieve catal yst
conposition in the reaction zone. The WHSV i s

mai ntai ned at a |level sufficient to keep the catalyst
cdcﬁx@ias tfertotah waight uf thieZeetissicktenclulingiany dilpests tothe reaction

| GOS0 et O molf Sl RhE g PF G BRI e o
a@@rﬂ{o 038 0mAhe fdeactioH fon@r qfh%f\ﬂﬁlsw 1§ ﬁmtﬁf‘ﬁ@@%‘t 2 levlaf sdfﬁtn@nt to

about 1500 hr-1, and nost preferably from about
hkedp the cablgsntcom@@nimm -in b.fldidizedhstatp methem B efdictmbodl rrent

h \V i f er abl vV,
? &(?075 Hver :i ché Y ah$ g@%%%d@kgeé %rﬁflgrbw@%ﬁe{ﬁ;a% % hr -
d'lgﬁe@é%bl ijaﬁ{ abo‘ﬁ( hPALhR, abb?? J000 hp? ﬁ]@f@;ﬁef?:fralglgf @Bm about 5

r -1"to a out
shpértd abowll 5@@& Velndanost p@ﬁ@d})lyd’fom Iabotﬁtd@dm btkabout 1000 hr-

b 6P Bip s T B gr 1 H i BRI Eharn0 - P bl the

{ hPHN! B ersSiPde: £eRbAbAOLorRATRE RAAR. WihBiL) Bher, or
reacti on zone in the reactor. The in the pr OCGSS

pdoth, euindhd xange Dﬁfrmntdbem Ehhlt—bto @pgt é@ﬁ hmbr e

pagrticul arly wthin t r S ' t. | egst
DOt o omelsim gl Bp it §PH S i eadadt e i,

0. HlubhiSRE red¥BOE pRIdEES r\ﬁﬂhﬁ( I 8k & sybte AN s bréTe &80y suffi&lnt to
nor e preferably greater than 2 m sec, yet even nore

pribfidize teynejeaiarsicvelrainl Bt compesitionawdhiggeagsion wona i (e

AT, TSR TR e 2 B YIRS ol o B By more

ZQQGmCMIyahxthla tllmemmr Iﬂeact(ﬁ(x) riparlaised. lnyieteeparsenoed (nysec),

0077 r to de a better
et gﬂt%&L%neﬁtﬁ @Pn{)r? GJBRE FISGERR] BRAISS ‘ﬁevddfl/ﬁac even
I eR6RSREEALIY eﬁ@'r\/@lﬁﬁ aggsed, her e&z@iﬁ mdr& BreffGhbiQVdrBAer than 3
exanple is of ered The exanpl e conpares the

r emésepaand ynast preferatly greptertt nGek See BrsxanpleddS. Patent
; eag]ehc\#l? agé OA’I N%t 0&)97"0‘3 OMd3 é‘t]&ﬁgg e%b%r O%)]t’ QM&%}A 156111telazm

a pasSsivate Feact
prmsembﬁehdw@sﬁﬂebér&bned using a m cr ofI ow reactor. The
m crofl ow reactor used was a No. 316 stainless steel
reactor (1 /4 inch outer dianeter) located in a
quﬁ%q\q pi.g Which vaporized nethanol was fed. 316
stainless steel is less catalytically active to the
f of09&F] on of hmrda1 topatatly z beltteg judéerstending ohthepyrpsentiunsestion
t han. carbon stee [ us si.stant to
t ORI TSR “uaai s aeY e e SRoBg i afeiee
| NTAE CLIADESmPArEhE Q@adﬁ"vﬁg 8Dk meth48 Bt feBdstoc®hn a stainless steel
2004/ 037753 PCT/ US2003/ 027794 -29

reactor at various temperatures with the reactivity of a passivated reactor.

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

byproducts than carbon steel, and 1s thus resistant to the formation of metal

catalyzed side reaction byproducts in accordance with the present invention.




[0079] The vaporized net hanol was maintai ned at 1200
WO 2008378t hanol conversi on reacti ons were perPOT/ORM03/027794
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450 0.91 0.04
500 3.46 0.06
550 5.79 0.16
[0082] According to the results indicated above, in accordance with the

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

iron content. The conversion of methanol on the coated reactor was essentially
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%], CLAIMS 1. A nethod for formng light-olefins from

an “oxygenat e-cont ai ni ng feedstock, conprising:

dijoosd} i ng t Mavirgestst Gdly ddecibedhhaidveston, it widicheCippastiated by

nozzl e _ﬁtéached to a reactor, wherein the feed

i Mo atiled shihrszAhe thaypvariomrebesisrioaRed Féthifer widsmange of
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R b SRR b T CAR ogpe of

| dxsinventiomi ght percent aluminum or |ess than 50

wei ght percent iron, or at |east two wei ght percent

copper, or an inner surface fornmed of an insulating

materi al selected fromthe group consisting of fire

brick, high tenperature calciumsilicate, alumna and




silica-alumna ceramcs, diatomaceous silica brick and
cenents, and fillers,; and contacting, in the
reactor, the feedstock with a catalyst at a
tenperature-of from 350C to 600C to form an effl uent
conprising the light ol efins:32= The method of claim
1, further conprising: cooling at |east a portion of
the inner surface of the nozzle with a cooling
system 3. The nethod of claiml or 2, wherein the
noZZLAIMS j acketed with a thermally insulating
materi al selected fromthe group consisting of fire
brick, high tenperature calciumsilicate, alum na and
si | 1.ca- aAumstinad foc formirigdight-diefibofiern eo o3ygsnhte cantbiningk
and cem&*pt%,t :knd fillers. = ‘
eedstock, comprising:
directing the feedstock through a feed introduction nozzle attached to a
reactor, wherein the feed introduction nozzle has an inner surface formed
of a metal alloy comprised of at least 20 weight percent chromium, or at
least 30 weight percent nickel, or at least 2 weight percent aluminum, or
less than 50 weight percent iron, or at least two weight percent copper, or
an inner surface formed of an insulating material selected from the group
consisting of fire brick, high temperature calcium silicate, slumina and
silica-alumina ceramics, diatomaceous silica brick and cements, and
fillers,; and
contacting, in the reactor, the feedstock with a éata]yst at a temperature-of

from 350°C to 600°C to form an effluent comprising the light olefins.

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

system.

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

ceramics, diatomaceous silica brick and cements, and fillers.




