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Specifically, this invention relates to nmethods for

optim zing the yield of oxygenate to olefin reactions.
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[0004] What is needed are additional methods to improve the effectiveness
of oxygenate to olefin reactors as well as other fluidized bed reactors. In
particular, methods are needed to allow for introduction of feedstock through the
sidewalls of a reactor. Such systems are particularly desirable in maintaining high
selectivity to ethylene and propylene products while maximizing reactivity during

oxygenate to olefin reactions.

SUMMARY OF THE INVENTION

[0005] This invention generally provides processes for converting

oxygenate feedstock to olefin products. In an embodiment, the process begins by
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to an olefin begins by flowing an olefin forming catalyst from an initial conduit

through a contacting conduit having an expanded cross sectional area. The olefin
forming catalyst flowing through the contacting conduit is contacted with
individual jets of oxygenate at an angle inclined from the flow of the olefin
forming catalyst to initiate conversion of the oxygenate to olefin product. These
individual jets are mixed together downstream of contact at a location within the

contacting conduit. The downstream mixture the flows to a connecting conduit
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side reactions. In particular, this invention maximizes contact between oxygenate
compounds and catalyst particles that convert the oxygenate to olefin products
having substantial quantities of ethylene and propylene.
[0016] In an embodiment, olefin forming catalyst particles in a reactor are
passed through an initial conduit and into a contacting conduit. Preferably, the
contacting conduit has a greater cross-sectional area than the initial conduit.
[0017] In another embodiment, the flow of catalyst particles into the
contacting conduit are in the form of a fluidized bed of particles. As the catalyst

particles flow through the contacting conduit, one or more flows of oxygenate
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distinct jets of oxygenate feedstock passing through a fluidized bed of particles.
The concentration of particles within the feedstock jets is lower than the
concentration of particles in the surrounding fluidized bed. This concentration
difference results in the non-homogenous character of the region, as there are
distinct areas of higher and lower catalyst particle concentration.
[0020] The feedstock jets initially enter the contacting conduit at an angle

relative to the direction of flow within the contacting conduit. As the jets move
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in the art will recognize that once the oxygenate feedstock is brought into contact

with the olefin forming catalyst particles, the flow within the reactor will be a
combination of oxygenate feedstock, olefin formed from conversion of feedstock,

and catalyst particles.



in the art will recognize that once the oxygenate
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oriented at an angle relative to vertical. Typical angles of entry for the feedstock

inlets are between 15° and 75° from vertical, with the inlets oriented so that the
feedstock jets are aligned with the direction of flow in the reactor. In an
embodiment, the feedstock jets enter the contacting conduit through the angled
portion of the sidewalls.

[0027] When the feedstock jets enter the contacting conduit, the
combination of the jets and catalyst particles form a non-homogenous contact
zone. Initially, the feedstock jets will retain their individual character as the jets
pass through the bed of solid catalyst particles. The flow structure within the non-
homogenous contact zone consists of feedstock jets that contain no catalyst

particles surrounded by a fluidized bed of catalyst particles. The initial size of the
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£ By unified flow contact zone. ~In preterred embodiments, the flow i the
connectmg conduit will form an annular, plug-like flow structure. In this annular
flow structure, the solid catalyst particles are concentrated near the wall of the
reactor, leaving a central core with a reduced particle concentration. The plug-
flow like region has the lowest reaction rate of the three regions due in part to a
lower solid catalyst particle concentration. However, this lower concentration also
leads to improved reaction selectivity, leading to increased production of ethylene

and propylene versus other olefins. The plug-flow like characteristics of the final
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Odiygeﬂata feedstock is passed through the bed of catalyst particles. This exposes
the oxygenate to a relatively high concentration of catalyst particles, leading to a
faster reaction rate. As the feedstock passes through the bed of particles, some of
the particles are carried with the gas out of the fluidized bed. After the feedstock
leaves the bed of catalyst particles, some of the catalyst particles stay entrained in
the gas flow to allow the reaction to continue, although at a lower rate due to the
lower concentration of particles.

[0034] In this invention, the process conditions within the reactor change

several times as the olefin forming catalyst particles and oxygenate feedstock



gas-solids reactor with a fluidized bed of catalyst

particles. In this exanple, oxygenate feedstock is
woassadedihr ough t he bed of catal yst particl es. pCHiUS2004/037710

exposes the oxygenate to a ?elatively high
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most preferably from about 30% to about 35% by volume.

[0037] Note that the feedstock jets entering the contacting conduit can
serve as additional fluidization gas. Desirably, the introduction of feedstock
increases the height of the fluidized bed.

[0038] When the feedstock flows and cétalyst particles reach the end of
the non-homogenous contact zone, the feedstock flows desirably converge to form

a unified flow contact zone having a single flow. This transition roughly



of the fluidized bed of solid particles in the
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fro about 18 ft/s to about 30 ft/s. It is also ‘
pr8 %ed that the concentration of solid catalyst

P3oc4dop! es i whdretheMdw 8 rdiQvel %?&Eétglﬁzt@ﬁal}ﬁclbé gals &l as any

than the concentration of catal yst
n@l?-ﬁﬁ& rﬁﬁj’&ﬁbbx copversion ofothe . fegdstacky edt@vmﬁter aameetmg ofnduit,

ow L eact | one t ock
re! ﬁtpr‘% p L INCIEAse in gi:lvﬁgwtxig}omﬁ nﬂ@dlments the
cﬁndws tin atﬂmg-@l@mmfé ﬂ@wl suitet wiBin ﬁie %hﬁéa‘{lﬁ% dBAddit. ¢! §§thls
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CahAhoHStstiRdr The @Ry (85 IrYé%%\llre B 1 "dverage velocity for gases moving

through the reactor. Desirably, the GSV for the flow in the connecting conduit is
at least be 9 m/s. In an embodiment, the GSV for the flow in the final reaction
zone is from about 9 m/s to about 25 m/s, preferably from about 12 m/s to about
20 m/s.

I ATvpes of Reactor Systems
A. Oxygenate to Olefin Reactors
[0041] The method of this invention can be adapted for use in a variety of

catalytic reactors such as fluidized bed reactors, fast fluidized bed reactors,

circulating fluidized bed reactors, riser reactors, and the like. Suitable
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the connecting conduit, there is preferably an
woners@aexr2in the flow velocity. In preferred PCT/US2004/037710

enbodi nents, the flowis inila plug-flow like flow
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preferred reactor es are’riser reactors g

degstemn et gemer iy steeearidar recdeny shisremi. | onFaR d . ;

FlL ut d- Particl e st ens, es 48 to 59 enz an
DI P! GGad R b opiighe Sracks eBeHOR PG W eder R fuid

1860, reaisk Sstom ARRERY aNgrst Gteérﬁi%nzﬁélcﬁlf ¥ithi lolﬁlsd(;)rz ﬁgore riser

bed reactor and U.S. Patent Appli‘cation Seri a
09vas®a(sp ad fai $egondvegaction 2€610n (withiin iap lerst bse diseegupingy Yessel,

A e BR E t BlbA R et L RS o e
C EiBEH 84086H( D An@ disbhk aBinkOrbs 8 drdWoREASR Withil SgYee}eQ&bf Yessel.
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and a ond reaction region wthin at |east one

dPeEFY 3(?1}?@%, @igpto being introduced to the riser reactor(s), the molecular
sieve catalyst composition or coked version thereof is contacted with a liquid,
preferably water or methanol, and/or a gas, for example, an inert gas such as
nitrogen.
[0045] In an embodiment, the amount of fresh feedstock fed as a liquid
and/or a vapor to the reactor system is in the range of from 0.1 weight percent to
about 99.9 weight percent, such as from about 1 weight percent to about 99 weight
percent, more typically from about 5 weight percent to about 95 weight percent

based on the total weight of the feedstock including any diluent contained therein.

The liquid and vapor feedstocks may be the same composition, or may contain
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hydrocarbon product produced is greater than 65 weight percent, such as greater
than 70 weight percent, for example greater than 75 weight percent, and
preferably greater than 78 weight percent. Typically, the amount ethylene
produced in weight percent based on the total weight 6f hydrocarbon product
produced, is greater than 30 weight percent, such as greater than 35 weight
percent, for example greater than 40 weight percent. In addition, the amount of
propylene produced in weight percent based on the total weight of hydrocarbon
product produced is greater than 20 weight percent, such as greater than 25 weight



mass ratio of about 8:1 to about 50:1, nore preferably
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regeneration conditions of temperature, pressure and residence time.
[0053] Non-limiting examples of suitable regeneration media include one
or more of oxygen, O3, SO3, N2O, NO, NO,, N,Os, air, air diluted with nitrogen or
carbon dioxide, oxygen and water (U.S. Patent No. 6,245,703), carbon monoxide
and/or hydrogen. Suitable regeneration conditions are those capable of burning
coke from the coked catalyst composition, preferably to a level less than 0.5
weight percent based on the total weight of the coked molecular sieve catalyst
composition entering the regeneration system. For example, the regeneration

temperature may be in the range of from about 200°C to about 1500°C, such as
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' Loe.. [0053
NSARFR Tro R BB 05 a e Pl 6Bria Gty o
i jo034dle one Tok reEitiencef tiBX BO&L cdtllystERpoditioh iehe MRnerator
N2C5, air, air diluted with nitrogen or carbon

dileAY Rean thsargsmobiiem ahewtoneunigutepta several Monrss s@h5is TRM) about

[ n. Suitable regener.ation
C oh intB0 00 A TN AR Pr oRheT Bt ot 1B° gas
c tkedgasavhich dtaves mhtmﬁégéhegﬁtor)gm@? @te ﬁﬁ?'t?e fe@l 8 df%cﬁitl ag§§t50.01
0.5 i ght t based on e total we
t At et Bl S Fods Boreeit hrssd an Uegpbspkamnotth g The
j ' t. = he
; aRRUME SRR HIRCER 50 1o YA Ree L SFA Bifyst §F. fresh or
alieedt gagDiBO¥pitallyabiolgast BHOMOIS, melecheresit,r metfeadhdytit BAGWBout 20

0000C, f |l e from.about 4500C to about
7Bt ihiohr SEFHY Roonsiesba) meoece tpodoas 30 mole
T [ j rom
LDt RGN 0k LR BIQEP Ul R bR dof (Y0 FEREEGol

kEWR$] suchThe ne afoeke2id fhsi me¢kBBicnPstay it enabiiermic

(Mo Bt bl g cn! B i dusé R e ypdgnefation system i
comiteiliicd by | waribtio techbigués B0thD 9tainé1d8iheBan) g ta%oa%ﬁlgas %9 the
psia (414 kPaa). [0054] The residence tinme of the

cEEBERSFRIPT vEtRsbsancrater iehernia  dgtahe cantiruoway ob eemhcdﬂh'ﬁuous
r fa SR ' everal hours, .suc
aglrafg ?’odr%n “about %%gel%rﬁﬂﬁgﬁ eﬁlpg%%ﬁé ?ﬁcﬁlﬂ}ﬂlé% IVPHES mw%$ the
oseggemated catadyst egmpesitivh drorh Lthe_rg’?@lﬁﬁaltioﬁ- sysﬁﬁ? aifM“p@Ebing it
| eaves the regeneratqQr) may be in the range o rom
a@é‘lﬂgﬁd‘. %?Ealﬁsgl golsE F%g%{n % erolesbipeenpraed satplyiscemmpasitivad The
Ofutd108 dodled! i 9h Wb HimbAE 19 %Sh??ﬂb C ;gpttl%a?fis %Xaqg({] either
in the gas used to regenetate the coked catalVys

(iin_t@_lql drrex¢dmalrto the regeneration system. Other methods for operating a

regeneration system are in disclosed U.S. Patent No. 6,290,916 (controlling

moisture), which is herein fully incorporated by reference.

[0056] The regenerated catalyst composition withdrawn from the
regeneration system, preferably from the catalyst cooler, is combined with a fresh
molecular sieve catalyst composition and/or re-circulated molecular sieve catalyst
composition and/or feedstock and/or fresh gas or liquids, and returned to the riser
reactor(s). In one embodiment, the regenerated catalyst composition withdrawn

from the regeneration system is returned to the riser reactor(s) directly, preferably



feed gas) is typically at |east about 15 nole percent,

preferably at |east about 20 nole percent, and nore
wonefseoetiby from about 20 nol e percent to abouPCB@Sn®HB37710

percent, based on total anodnt of regeneration gas fed

to the regenerator. [0055] The burning of coke in the

r hr' reatlon and |

b Padl R P BBk B8 B g esdstock

sy@pelmst@nn ontthe Ihlkedniay heausadu%emeeblﬁirﬂtiﬁﬁyld} &diginadbisly, to

d|n a co | ed gas to the regenerator
vgc “éﬁ\dﬁ g’ﬁ tiap af F?gegel@éﬁdcwtalwrﬂomm@@@n tprthe reactor
S%%teﬁoﬁ‘e!feﬁ‘h{ﬁg% meqfﬁe oPfnofle RGN t her eof . A

preferred techni que |nv ves Wt ng the
r d8@¥r at ed Bzacmtlgothng:thnﬁhm of the rég@mdidftbcatﬁgﬁrt@hqiolsﬁlﬂn or

Syst and S | t hrou cat st cooler to
T SPHET REEBHET it soBwoRin S Corpbeiraion, sy to the
Catattorstysean)| e, optﬁknﬁﬁ‘l RRBP G EARE: ot $h@ rﬂ@l@éulﬁx 9{%@5‘ Y&ltalyst

that is located elther internal or external
r @@@ﬁé?lat)m @ﬁtegygtt@rreamh a5 mainthiodd fhereope rraanyn'@chmques for

r %g@g&g@% t?con r ocf Rif) a?a Islrt]s‘?olﬁﬁsp(jé’lf lsoaﬂii?:gﬁgf’ifﬂéﬁgfcil}'\q Louge,

fﬂﬂxbynmamar pIB‘chﬁlqdesbyC{reﬁl@tﬁ@g'l CRluidiA5#edd N Grace, Avidan and
%@Wirat ed catal yst conposition wt hdrawn from t he

o8y i%Gh- dylackden 1pYer(@2eBBY). f whight ite herstraliyestporated by
CoQbRhee 1 S combined with a fresh nol ecul ar sieve
catal yst conposition and/or re-circul ated nol ecul ar
s{@058] cat al yik)ke clmfplss iohi ¢ire aoatklgst te@pssinek @8dhRasured by

fre@g as 0{ and returpned to the riser

r &3 [ﬂg"( hen ° S&nﬁ%?%%fmn frore thqyeprarvarsiar process and

Cd&t@hﬂﬁingcﬁm@%bﬁ'c@f?tei’ﬂ t 'T%l%%ﬁnlefvélg Brldag Q?lg%g%g]{e{uﬂgr sieve
e reactorf I'rec

systemis returned to the'riser
pﬁ@ﬂ]e’ﬁfamrymsltmn péss reggnetation gire anche abygt of Gohe0.01Aweight

Bkl o iR 15380 phEh: o833 ok shaie dulay o BaLpercent fo Bbout
C OO tfeith lﬁ)‘éfc)ént & dxaaipld fr@fneaﬂolil? O'2n\tvélg UG LR 1@ Ebd NS weight

regener ated cat al yst COlTpOS| tion to he reactor
sPEERH andreoneempntly fram rheutdeweightpereent it slsout 2 weight percent

rggs%%g e)We%Qt?gfﬁegn\élecﬁ%{)r olling the flow of the

regenerate &Fon or cool ed r egener at ed

CHI0&Ply st coThe phicdons eFhnt i &itheBSRERdM 4R (ﬁh’é{gﬁgihgosystem
t he reactor system the optimum | evel of coke on

ntdkiSagiedthesigh @afeaqwesY syssrmpoditeretre apansyr well knpen recovery

SRR TR P 8 Y SRR

dewfiyinge dleifin(sM frtvaethel gasgous E)ﬁﬂ)lﬁnlt e Rlegdv ey fydlieftid € Senerally

Crculati ng Fl ui di zed Exeds, ace, Avidan and
comprise one Or more or a combination of various separation, fractionation and/or

distillation towers, columns, splitters, or trains, reaction systems such as
cthylbenzene manufacture (U.S. Patent No. 5,476,978) and other derivative
processes such as aldehydes, ketones and ester manufacture (U.S. Patent No.
5,675,041), and other associated equipment, for example various condensers, heat
exchangers, refrigeration systems or chill trains, compressors, knock-out drums or

pots, pumps, and the like.



Know ton, eds., Blackie, 1997 (336-337), which is

herein incorporated by reference. [0058] Coke |evels
wonodashesaat al yst conposition are nmeasured by PCT/US2004/037710

wi t hdrawi ng the catal yst cagposition fromthe

conversion process and determning its carbon content.

TY06® | evelsn GGk SxAthidd\6 tﬁQJeet(égrle{asr cq hgl\ﬁg,asﬁgéersforttrains

conposi tion, after regenéeration
f ruseel @loDg onei giThbipati@eintlutie oabotimotbo e HehbthEr&Speferably a

s fr acpout 0.1 wei H ercent to about 10
el e teteanizes oy dhenifi & Haeroporiseiob gt tower ofien
PekfegRl th Oasa@@&ﬁstlé %hQBWePQﬁ(ygpﬁu%&ﬂdto%%p %Q%r%@}sl ¥dsorbers,

from about 0.3 wei ght percent a
pén@ébnantﬂagéldlenn (€Wesplitsery propylent (@3)mplhetenﬂrﬂrbu$em\(€4) splitter.
The seous effl uen rawn fromig

| S endagl ng SYOPRATENEY 5975%5?5‘?8 1HPE a@qvg‘lr*geelgag@% such as
S yesityde, PReYyterdl drBH Bt lardk DEWRALEL HPESY PSSt RIEB 5:960,643

t echni ques . and sequences that are useful in separafing

ol(@gcrpdasy nighd efbhilang yatieamp| BFS. nRaigntf Nosn 5,089,043 e5452,581 and

oL s ERRALYSYFLEI DL X SR 590 B

f radm:rbmm)t i@R. PathoNdli 069,288 l(l%ﬂirégéﬁefe?nmfé[)' lUrSSPatent No.
or trains, reaction systens suc
egh%ﬂ Hz(éﬁ?ev?fﬁﬁ% frethangl fo I(YQ@enraad@wtbomhmdmmaqrm&)p) U.S.
a r in¢at u .al dehydes
R ESHL N6 2706 RLORRERES 10 Bl N W, s s
5 PeeBi D16, 124 rid4ofdivect pi‘sémnlcpléﬁﬂl)e@lﬂ PPeediit, N.06,121,503 (high
exa Ie v riou exchangers

d
r 81‘“:1 So i lﬁvgggﬁﬁlggr%ﬁac%‘?ﬂaﬂpn > r #f1ch U.Se oReits Mor 56,293,998
k ’Q@’éi‘su%ﬁwﬂg 'elﬂéi)rp"c[orﬂ Qhfich R HSherdh “flulyﬂ‘ﬁc&ﬁp%ﬁt&pb%ﬁr%}erence

Non-limting exanpl é&s of these tower
st#0621 er s o Otherararevery esystdnon ¢habr inchude opﬂnﬁtmhb@ Nsystems, for

h ?%%Hgle npe r & r Ur n%ﬁﬁ% aﬁfid Z(ge Itmr} A ::i ért%rh éiﬁ?“"fgleg i3 I%lrk-Othmer

depcyepudzesf Chedal TeoMRlogdf Uah Haglsgr f\%ﬂgﬁé’ 9% Jokh Wiley &

causti c wash tower and/ or %éench t ower sorbers
ade®s bE1%, naeahr4esl andy39%rk99( Grhick pisi herein, lncorporated by

i
PR RSk o LRED B B s, iy o
0b 27128 , (patifibativm of hy ldeslefin MydRdUatidn SRendl 1St eMent No.
ar 9@???“ bed in U 'S, Patent No. 5, 960, 643 Zsecondary
?gﬂ {feenating P%eﬂe ({rom prepeae) andy.S.5Pajarg, Appdication No.

52\%@% 5%31 ggégcqggﬁ%épggéoﬂ pengmsﬂ.}%Pn rﬁ};dré%ﬂng) c’atalljys% which

are herein incorporated by reference.

[0063] Generally accompanying most recovery systems is the production,
generation or accumulation of additional products, by-products and/or
contaminants along with the preferred prime products. The preferred prime
products, the light olefins, such as ethylene and propylene, are typically purified
for use in derivative manufacturing processes such as polymerization processes.
Therefore, in the most preferred embodiment of the recovery system, the recovery

system also includes a purification system. For example, the light olefin(s)



adsorbents), U S. Patent No. 6,069,288 (hydrogen
renmoval ), U S. Patent No. 5,904,880 (recovered

wortdsaaedi2zt o hydrogen and carbon di oxi de i n oneCTUSp)04/037710
U S. Patent No. 5,927,063 (ecovered nethanol to gas
turbi ne power plant), and U S. Patent No. 6,121, 504

(i nt . 6,121,503
(oo PRRHEAHRTO pcRe shEbiP Mhpustng Piafcation gystem
U.tBat rembesst loldevds @A3-pddudtp besaidiBingMésNg adsor pti on),

V\lgb are all. herei.n fully i n%orporated by reference,

[ @%l O herN?lé'ﬁH’&@?%/ exgraples et camtenyipraty gad by-products include
PWehEdagat X e h B i Q
pEeaHapT e SUShATR SuBh 8RR Lt e R SR hers
ofcattivaraxedds, JwWtcompgyndsaubh Exhydrogen Mdfidereadonlodulfides and

W | S 1996 es 249-271 and 894-899, which
Vot W 0mE i AT sy fBpoundes A | R9SPhIne and

S Yehlogitles. a0thed koM@ Has 2 BY-grodcy i
No. 6,271,428 (purificati 3 P8 lgﬁlgﬁgwﬁoﬁ%%dcfr Seitoons

stSHeh# acetylane, mgthyhacetidenes prpadieny budirae and hygtyne.

AL o0, 88 AIP AR Eer R onst? B PAge bl havine

ugi org barbombions, & aiiabyahount WyieBarBbes, PaFRUDIly olefin(s), having

i ncor porated by reference. [0063] GCeneral Ity

a&cUnParRy RO B, is @ipeprpdusedt ehite smoueof gdlyptroamhons is
g j a [ f [t I oduct s

29085l 05 S WRUALERDE 2P ) 1 el OB e, o
preedmple dessphams peightugdreent, Tind pridudirtye thsp Fane2 weiCth percent,

oducts,  the Light ol efjns, such as ethylene an
Si’%ﬁ&% 8?1et,he QP@IH‘@?J%]&%P?JL?) (Fiilyeng gas owithdiawpnp from the process,
dexdlidihp \PateRNYI{REIN] HRGeBfLHESFESyerY ;Egst?ﬁem% dnclude one or

pol ymeri zation processes. Therefore,
p e reagigomesyistatisnionconykrtingehe Ecioinepuritiey sd evefultph&ducts.

I,so includ i f.icat i t
AR S LA B SR b b eyed
| .9 IRt D G853, AR CHRRARE 4 Fuf Ui ?&féﬂcf {rﬁéglrn%ﬁe-n, US.

s§stemthat renoves | ow | evel s of by-products
c BAERNNPant-d 74, 6D ddsobnisne | andi bittege-8x aligoresrizefl to an alkylate

C i\N S - pr, s ,incl ude ney al r

cg{tn%gﬂér? EJIEstﬂ éuggﬁgts%fg éogg’lbg?c %?r&aggla%g(}yéﬁp’%}llgﬁ&hg; Patent

eNoer 8,282360 0ando$|786%,78 SMblfb'dh?rlﬁﬁ&PQﬂnﬁlﬁdﬁMuﬁﬁon of higher
i de, carbon sul fides and nercapt ans,

gﬁjl%ﬁg gxg’gﬁgz!lr o1 @FO)W!kt %g&d@g%@@ﬁk@g cabghylegompounds), U.S.
phasRnGoes adashabiisne G ERRLATISUAG ry s gu s
aledefil-eydrogenetehyverg)c ehd IConyms, PrapdgiPeiess foutisbi-edne Txd C4
OULY RS Olefinic Streams, Pet. & Coal, Vol 37, No. 4 (1995) (dimerizing or
oligomerizing propylene, butylene and pentylene), which are all fully herein
incorporated by reference.
B. Description of Solid Particles
[0067] The solids that flow through the gas-solids reactor system of this
invention are compounds that are solid at the conventional operating conditions of
the reactor. The solids can be inert materials, catalytic materials, or a mixture

thereof. Preferably, the solids are catalyst particles.



[0065] Typically, in converting one or nore oxygenates
to olefin(s) having 2 or 3 carbon atons, a m nor
wanmsvse1ydr ocar bons, particularly ol efin(s), Raviusgo4/037710
or nore carbon atons is al si8 produced. The anount of
. CA+ hydrocar bons is normal ly | ess than 20 wei ght

p t
ST, U6 b L R P s
| @18 pat-belidsenaogdystepeot thix invisimdare mdlémldraiade oam'lgtﬂ; such

of the eff]uent gas w t hdr fromthe process,
o3P QP BEOROVPYISF GIfVPy  HYHMBTIEY Hicbiden e G 69 argll as mon-

Sye%ﬁl?énnmuhﬂ Glelile AR SrelS £ RN Fé erﬁgélhﬂrblsﬁlﬁlﬁﬂﬁeft%e Non-

converting t C4%+ Tnpurities to useful ﬁroducts
[ RG] dxampldsniflthesy reslaophesiews sette mealbporormelpatlansieves,

A P B hBEn AT YD AT RBOb RS RS, LR AT BAR, B,
4EPT AR GO0 SRPLTAE 10M Tl aneNZ PAU svmemme RO FHO, and
al kyl'até gasoline), U S. Patent No. 6,049,017

( slibstitubedaforon threaf; Bt yedine) por@Jr@leqvéareweNoéFO AEL, EUO,

49%"?7?%%’?@?’. LT SrEF ST TREY S gt oad the
a6 GEEIRCUTRK kidPess BNIDNFAUS aid Quisiisted tbifhs ﬂaateeﬁt Other
No. 4,542,252 (nmulti st age adi abat i Céfé Qcess),

Pﬁloéfﬁtﬂal\léleV® 16181;1@85“4\1 Ef ¢y HE0g Ne@é%elr% Mgﬁd MOR,

SO o 7 Ny SO e B e s e
( ﬂar:ieTltéxﬁ}é nigr \(I\Iﬁlngd;]mg?m&r |oxy§aalalm omythi:iir% ifd:ndsbgoble nlgtoa lmbbkf)in(s),
Pgéb}%érﬁ%{ VoblaiRonis bl MRS, 28, Thgatin VorL
syst em gs‘s W‘W TAN Wnd TORUOR J&%r&@ﬁe@@rhb&ﬁnfeﬁﬁ@ﬁ&holecular

is’invention are corrpounds that are solid
asietdef thenmentipohas aw pd dopaiggcoma CHAotepolpigyt ¢rea combination

he so inert materials, catalytic
rr&ie ?eff‘%s PE5fer Lhﬁ&?ﬁ%&"?ﬁ%}éof Preferably, the
S@loe9p are Efﬁiléﬂul’aitmmrﬁlht%hﬂﬁ A10R628] 3-Hineé@Bdnal, four-connected
errbodl ment, the cataly articles which are f | owed

t frameyhrk herugtse s of i @szpr tieg §Qst tatiabedraniwhere T is any

c G P SR B PR By B9 B soribed

ag wehb ofthenWitZethe tiagNRdtelettheya pcinGVWhereand siaé ¢s odsed be the
| arge, nediumor small pore type. Nonlimting. exanpj es

onupherset FrBlogtsuRAhe Bngy Ciher EAROrE g chggrcteTibrEigiuge the
Schﬁéﬁ‘?%ﬁleﬁg i\éﬁf%[)tﬁélp %rniNENcag%T-gnd AT¥en ﬁ}%ntBltﬁ% dffiRsion of

channels, and the spaces between the cages. See van Bekkum, et al., Introduction

to Zeolite Science and Practice, Second Completely Revised and Expanded
Edition, Volume 137, pages 1-67, Elsevier Science, B.V., Amsterdam, Netherlands
(2001).

[0070] The small, medium and large pore molecular sieves have from a 4-
ring to a 12-ring or greater framework-type. In a preferred embodiment, the
molecular sieves have 8-, 10- or 12- ring structures or larger and an average pore
size in the range of from about 3A to 15 A. In the most preferred embodiment,

the molecular sieves of the invention, preferably silicoaluminophosphate



EDI, ERI, GOO, KFI, LEV, LOvV, LTA MO, PAU, PH, RHO,

ROQ THO, and substituted forns thereof; the nedium
woaoes/osediecul ar si eves, AFO AEL, EUO, HEU, FERCTNSR004/037710
MFI, MITW MIT, TON, and subtituted forns thereof; and

the | arge pore nol ecul ar sieves, EMI, FAU, and

Rl S L, Bt i 5
W\fe@:ﬂﬂy 80Be rivge-dfiffont BAgo akeutislAg st ptdferaplyefan Bddto about

cul ar sieves, particularly for converting an

and mogtgwetaihlyrgomdetss forieut ALd- ol ef n(s), i ncl ude

i), ok e e g o

esibeed) prfidrably Havenl moldcalar Siamesvodf of lee, pre&msblprivhasr more

RsEshEhe 4T OF) SxERatr o RO pEfEa. P ed Mo [Siodl,
B HLAI/0S TRYS eRliRdA! $hil! nday&t IrétbaBRS[R0H, [A10,] and

ur - connect ed framework structure of corner-shari ng
T[(B4)4ﬂ etetralieddal aynitsher Ehepe shemy alomizvedend | BhOSphorous based
cooFdl nat.ed cat,i ecul ar _si eves

CPRIeCURT ot Boal PTe B e Aumit Y 53¢ Bpfiptorapg based

t MdlecHiRf LiBRSE AVOBESD dsBISHR ih ta@taﬁl i aum&rdma@am@mmhmwmdmg
nunber of T atons in the ring her framework-ty

clrarcaemple; ﬁ $. cléat‘Mdﬂde‘b%%@wanaﬁﬁ@n\é‘the e s Mg Mﬂ,aZn or
LEAI S PG N 440391 RERBON Bur b in BallBRbOIalbn £P-A-0 159

and t he s’pacgg € cage

B@M(-HDAESO &there Emsmwm; BOQr,tCo, £20IGt Fe Scu, Mg;eMm,rfEi or Zn),
Practice, Second Corrpl ely Revised and
S Do da 54995 §a0E0)1 TEY. PpypNer JB2Pdnte 81T,

» A IR RES @%}P%@P%m é%o%h)u dJ QR ﬁ?ih@p?gg?ﬁ (ZnAPSO,

nedi Um a ore nolecul ar si eves have
r ERgA-0d 64 4B2-(CoAFSON), BP-2ab di58 O7aBMAPK, twheee ELns €o, Fe, Mg,

D 8 o5 0 RSt b (- S0 B TR, BB 0 28 Sipuarson,
p@*’@ Bt Nd. 4@7@ 46@%?Apéoj MO aheyt N8A4 t799 135 /éuAFD) U S.

t he nost pref érred enbodi nent, the nol ecul ar si eves
thaemtnNentéh,QﬂR ,250r €FARID) U.S. "Patent No. 4,888,167 (GeAPO) US

b Rey TR RVLFTE Pt ol D 308N el us.

ppﬁf:@t& abdsy 4175908, a@@gessqﬁf%oo@rz;ﬁd) oUah ORHterRANIED ne758 419,
preferably from 3A to about 5A, _and nost prefera

D G BT BAS G4 S8 Anda S8 TR OOMSARBOD LNy Pabaty b6, 1554143
PAFAPEY 35 5Y pafal id.C4,2042 28 QU hb&0)Y BEs. MBAEHUNRT 4,913,888

(AsAPO), U.S. Patents Nos. 4,686,092, 4,846,956 and 4,793,833 (MnAPSO),
U.S. Patents Nos. 5,345,011 and 6,156,931 (MnAPO), U.S. Patent No. 4,737,353
(BeAPSO), U.S. Patent No. 4,940,570 (BeAPO), U.S. Patents Nos. 4,801,309,
4,684,617 and 4,880,520 (TiAPSO), U.S. Patents Nos. 4,500,651, 4,551,236 and
4,605,492 (TiAPO), U.S. Patents No. 4,824,554, 4,744,970 (CoAPSO), U.S.
Patent No. 4,735,806 (GaAPSO) EP-A-0 293 937 (QAPSO, where Q is
framework oxide unit [QO,]), as well as U.S. Patents Nos. 4,567,029, 4,686,093,
4,781,814, 4,793,984, 4,801,364, 4,853,197, 4,917,876, 4,952,384, 4,956,164,



sieves, preferably have a nol ecul ar franmework of one,
preferably two or nore corner-sharing [ TO]

woetrsaaexdeal units, nore preferably, two or nDPET/US2004/037710
[SiD4], [AIA] and/or [PO4]20tetrahedral units, and
nmost preferably [SiO4], [AIO4] and [PO4] tetrahedral
up| rhe@% I | 41083648 ﬂp@ﬁ)o r
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4&@6‘599‘7@@ (%Xg%hhé thitall osﬁﬁteso"SA(f@ ((HO%))P@JtS?nPatHﬁ No.

Eur op an Pat ent Appl i cat1’'on EP- A-
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4ca%élgstg,8§>cf R 806434 pablidhd® BeBkmtRP g, Yo (tiRafuah toMi@ining
16 (ZnAPSO, EP- RT0 161 489 CoAPSO),  EP-A-O 158

omelecElanpi@ye)had &. iSzostek,ddandbeok W Malkculari SieyeszNyn Nostrand
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4,992, 250 (GeAPSO) U S. Patent No. 4, 888, 167 (GeAPO) ,
ui0873Pat ent The. 1BT@5HTeRsd( SAPgE) | alymgunp, edier Nposphorous

N T e

4cc&ﬁﬁnﬁ@&nofécﬂ814s18% iacldds akiEBnoiBiosHupAREM Q) tdoRcular sieves

Pat ent . 4,554, 43 FeAl U, S. .Paten ..

sargbsil lgqaémp Ahf@& Oga@@?ﬁul%ﬂews 9&% %ﬁﬁ tyteds Rppdprably
P, 6 9 nd 7

R AR ed HRORAPS p)8600ANd The EgE Tt

(Mmk}é@a;r diess &at BAPONmoleurB 75863, (BIARSE) , substinted SAPO

O s 0510, (RN S S Sk Mo 1o

Pﬁfeeﬁéﬁod\pqabl@ HOB1BRhts, bnOfkaldO e nfbt£1055 d&ip TIA of the
(TiAPO), U.S. Patents No. 4,824,554, 4,744,970

(M@@@)Tablg sf Hiemers, mare4ear®5n@wé qfcﬁmdﬂﬁpmh@ng the

2 37 PS vvhere is frane rk KOX
| ERppiat” e
4668 1,u9r9 add’hrﬂl%ﬂl, t%ﬂb4um4d}% DsRiBd ,hoﬂnﬁxﬂil, ,eﬁﬁdm t‘]huﬁﬁtﬁ HFbium

4,917,876 4,952 384, 4,956 164. 4,956,165, 4, 973, 785,
s 10tewan; Bndggansesn AvdylErsioths, PaiadicTabl eh Elgoents, a

h?ral%llﬂ?rf i’ﬁe 2t of i3 IESOP% bX’IBeggs 2 IB [29197 b gl%g%enodm

ar sieves | hose ed I'n
18ab1BDbf Elements, or mixtures of any of these metal species. In one preferred

embodiment, the metal is selected from the group consisting of Co, Cr, Cu, Fe,
Ga, Ge, Mg, Mn, Ni, Sn, Ti, Zn and Zr, and mixtures thereof. In another preferred
embodiment, these metal atoms discussed above are inserted into the framework
of a molecular sieve through a tetrahedral unit, such as [MeQ,], and carry a net
charge depending on the valence state of the metal substituent. For example, in
one embodiment, when the metal substituent has a valence state of +2, +3, +4, +5,

or +6, the net charge of the tetrahedral unit is between -2 and +2.
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34, ALPO-34 and ALPO-18, and metal containing molecular sieves thereof, and

most preferably one or a combination of SAPO-34 and ALPO-18, and metal

containing molecular sieves thereof.
[0077] In an embodiment, the molecular sieve is an intergrowth material
having two or more distinct phases of crystalline structures within one molecular

sieve composition. In particular, intergrowth molecular sieves are described in the
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4,619,818), MCM-22 (U.S. Patent No. 4,954,325), MCM-41 (U.S. Patent No.
5,098,684), M-41S (U.S. Patent No. 5,102,643), MCM-48 (U.S. Patent No.
5,198,203), MCM-49 (U.S. Patent No. 5,236,575), MCM-56 (U.S. Patent No.
5,362,697), ALPO-11 (U.S. Patent No. 4,310,440), titanium aluminosilicates
(TASO), TASO-45 (EP-A- 0 229,- 295), boron silicates (U.S. Patent No.
4,254,297), titanium aluminophosphates (TAPO) (U.S. Patent No. 4,500,651),
mixtures of ZSM-5 and ZSM-11 (U.S. Patent No. 4,229,424), ECR-18 (U.S.
Patent No. 5,278,345), SAPO-34 bound ALPO-5 (U.S. Patent No. 5,972,203),
PCT WO 98/57743 published December 23, 1988 (molecular sieve and Fischer-
Tropsch), U.S. Patent No. 6,300,535 (MFI-bound zeolites), and mesoporous
molecular sieves (U.S. Patent Nos. 6,284,696, 5,098,684, 5,102,643 and

5,108,725), which are all herein fully incorporated by reference.
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[0082] In another embodiment, the binders are alumina sols,
predominantly comprising aluminum oxide, optionally including some silicon. In
yet another embodiment, the binders are peptized alumina made by treating
alumina hydrates such as pseudobohemite, with an acid, preferably an acid that

does not contain a halogen, to prepare sols or aluminum ion solutions. Non-
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surface area, and it packs together easily due to its platelet structure. A preferred
average particle size of the matrix material, most preferably kaolin, is from about
0.1 pm to about 0.6 um with a D90 particle size distribution of less than about
1 pm.

[0086] In another embodiment, the weight ratio of the binder to the matrix
material used in the formation of the molecular sieve catalyst composition is from
0:1 to 1:15, preferably 1:15 to 1:5, more preferably 1:10 to 1:4, and most
preferably 1:6 to 1:5. It has been found that a higher sieve content, lower matrix
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major constituent elements (vanadium-phosphorus mixed oxide). Examples of
such catalysts include those comprising divanadyl pyrophosphate (VO), P,0,) as
the active component. Details of these catalysts including production processes
are disclosed, for example, in Chem. Rey., 88, pp. 55-80 (1988), JP-B-4-24104,
and U.S. Pat. Nos. 4,472,527 and 4,520,127, the descriptions of which are

incorporated herein by reference.
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m?gg Lﬁoéﬁa ¥ivespght. hiagd rast the otahweighbpf the qatalyst abowosifen and
b to about 30% by wei ght, preferably from
about 5% by wei ght to about 20% by weight, and nore
pief er abl y fliypes aft¥teetistdéh by wei ght to about 15%y

ecul ar sieve catal yst

j . : h !
?’iﬁlﬁﬁ%@ it |[ 82 %n%ﬁqﬁeéqum,”gﬁ% Mlsﬁt%ﬂtw 13| ARy opygeatpiced the
, Shialy8t pdrielbdrk B’?‘dlec!ﬂ@a[rg%eé NOoRcuRf El'e%/éﬁtscﬁgélﬂ'lg g% &glﬂ}gging the

catal yst conposition, heat treatnen .
c aKkyganaici torpleftns ang peifervat edny efifter above dedcsibud wadlécnlar sieves

. vent | I l.cinati on environnent js
DEh B RA; SRnedon 4:8 s oS sbtshbim manBibiney st ebrred.
V§goes] Typi Oalygekdsi dbli @NthieIRBARIM LR &nd Br zrlxgﬁ'g organic

range from about 4000C to about 1, 0000C, prefer
f FORPABY(Y SutEungoatalrsst 0890 gemndomps tinpthef aroabipyeferred

Lg@%@%ﬂ{ oﬁélgg)?oclegs gpﬁx%nty 9 Ce:’ o&cslr g"lgaﬁ% ?n? % éjhe?dsﬁxg}(ii% Pﬁle or

clnati on environnent Suc

f inoee glashdlGRrprefetdbdy alpliaLo Glcoh6ls) Wikere MIAIPhati® MY of the
combj ion_thereof. [0090] The catal yst particles
u%léﬂh‘g@& Sp5iftAg t & 2@ rarbppgloms, sreferablydiars Ibe 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
cther, diethyl ether, di-isopropyl ether, formaldehyde, dimethyl carbonate,
dimethyl ketone, acetic acid, and mixtures thereof, In the most preferred
embodiment, the feedstock is selected from one or more of methanol, ethanol,
dimethyl ether, diethyl ether or a combination thereof, more preferably methanol

and dimethyl ether, and most preferably methanol.



mal ei ¢ anhydride form ng catal ysts. In one enbodi nent,
the mal ei ¢ anhydride form ng catal yst conprise a m xed
woxi@®eennt ai ni ng vanadi um and phosphorus as nmMRLOUS2004/037710
constituent el enments (vanad7um phosphorus m xed
oxi de). Exanpl es of such catal ysts include those
CqEpe41Si N9 dieed PY RNASH ( 2 P207) as .the
agt i ve! conponent %tk é\?ﬁl cglgoc lwtowglg%t’cég SRS O mgre diHgg(s):
privpiogiy wedjo oxlass de canecntiatioh of the, feddstock XaMRrE gehdially non-
Chem. R%v. 28 pR: 55- 80 %98%), JP- B-4-24104, and
UTECtiu 0 the, Fetsibok o Bolecyls Sievs seteiysy compasition. Non-limiting
desipRl | TG Iuehts W16 BEIRirh "&R58 iR | ;
ref.er_gnce. [0091]S I'nert sol i’q&gar’%{lc gégl’ Eglﬁgggng%g\}\%ed carbon
t iotdh whistr essentially syet-mactive phiafinsnyespedigity allb@es such as
i solid particles .can be.m xed with solid catalyst
oo shnd B propdton PPl RbBr e egmati compouhas, and
C aixainéd BBRLL. CRANOSE prefor@iNiRente areSWatdr hﬁkﬁfxﬁrﬁggﬁ | \Whith water
material s i nclude oxides, such as silica, alunnd,
t ibetgipartigdprlyinrefoned. OF these oxides, silica is
phK red. Sil.i IS | T l.y..i nert iffering from
oufRI ol o T ited MR e aisP i e skt oo &
birewtar draddeddirenlyriath £néaptodf of MRlc@XFitlea GRflebuY sicve catalyst
osi.f.ion_wi thout jnpairing the selectivity of many

co
c SPRPYITOn ol embndimenty, thy amauat phdiluent i the feedstork is in the
[ qxg@é’ t r [ iriQn w.th hi gh
attri t?fgﬁ&ﬁle}g’i%g{t gnt gga.b%% 2%3{%@83)%{;%8@ 1g}rlsre |8e°rn\,l\4 ehtg?aé inlug@gr of
calmlﬁeoﬁ the tﬂfz&ds’tog]la gad (gmluaﬁzg%?f&%g’fbrﬂhgg%} IEWQ@Xnoﬁe percent,
wei ght r a about t o about y wei ght,
R DiSCr s THoBR aPouieh Grabot SO mao areforplly femsbentcd bnabout
an§. Then6@ef bAbodifrent! YARS Jeaibgal aekadd@@ W5k fle{;ds?&% ither
enbodi ment, the chemcal reéactant is an oxygenate and

t Aeathn ar yindirgsdlys iand égclade otefig(s),| garafiingsy,e aronidic@ Uises for

Sj abl e c i ng the o enate to olefins
B8 Bl "I DS, SEUAIAS Bl Horot,
SHrRY@b19 aitopHents Sltyl&hN penlylABabnZ 8t th?&ro@ﬁ}?ons having 4 or
si |'i coal um nophosphates aré preferred. [0093
ORPFesrapasatomsrimixiessthereofnt i on i ncl ude one or nore

' L0 t,,l t .
Al 281 7 et Mg Bl Ao B i Roau ey Roteuersion

ofeactiorecdn be uséches oy gena@iads ot 4 BbsEQRMS pRsdesd, S FBP xAMiple,
more al.cohol (s), preferably aliphatic al Cohol (s) where

t Ry Of Hifatletingprodugedoby em@xugansicolo( @lyfim genversion teaction are
20RO} BLOTS raR RlELBR Yoo B s hth sl O CI)ac{l}poleﬁﬁast, fRh as

polyethylene or polypropylene.

V. Examples
A. Sample Apparatus
[0097] FIG 1 provides an example of a lower portion 10 of a reactor

suitable for performing the method of this invention. The lower portion 10 of the
reactor shown in FIG. 1 would typically be part of a larger riser reactor, such as
the reactor systems described above. Lower portion 10 is composed of an initial
conduit 100, a contacting conduit 200, and a connecting conduit 300. Catalyst

enters initial conduit 100 of the reactor through catalyst inlet 110. In an



and nost preferably from1l to 4 carbon atons. The

al cohol s useful as feedstock in the process of the
wonvecenn i ncl ude | ower strai ght and branchedpchaismo4/037710

al i phatic al cohols and thei2 unsaturated counterparts.

Non-limting exanples of oxygenates include nethanol,
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proettemafsisiunme} 10aa bbrrelr220d embam yppetihatum a0l &t embodiment,

refer t hanol.. [ 00 .The feedstock, .in one
gﬁb‘%&ﬁaﬂgﬁ,"r@é’ﬁ% ﬁ%%bﬂs | 1T & st the Gigmetey of the) frystum
USetedses lif A6 Qlifddfort ANGH bt bRy inidd €1 10843 LRC KmbSihent,
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e es of i ts.in de hel ium. on, .nitrogen,.
CE%IL m)no%i% glésfe&{:f(al%%sn E%@&?ﬁ a%?nﬁiaiﬂ”é% g’e%%‘%?ﬁninglq fduit 200
nairongtasidewall pHIsaf FeddstocRSARS! 240 Yord Kalszepd!@lg@Srelative to
nmet hane, ethane, and propane), essentiall

ndftticahes itRey grtemketiem dlspssen idd, Eﬁ@lﬂsfﬁckg Jﬁ/ﬁ@s 266 goimobottom
f il t i tr n
\L_*ﬁt%ﬁfm%blé’fag LRTLE SHq “ﬁf&r? b SAT ol Eggggﬁ’%%ﬁ@e of 30

wat er berng®particularly pre
didegreed relasiveitd haticadded directly to a feedstock

ext rel . eed:
PR or Widlactoaching Shomit g etieve Totan yBO is openly
C UTRABIot B 2000 ?H@o&ﬂ?étetﬁdﬂ@éi‘&zeeﬁ lgkffto??grﬂ% oiltodéf'dt%ga?%el 220

in the feedstock is in the range m abou
aboshovgp asrp| Bangerjoot Des echnoctidrh betiweta bottoimbtstah 210 and

| f .th dst ock d dil 1, preferably from
2R PraltGebaS RO XSudrs e oinet s llgnaeriotits o the
Sbbteorab@ubtuhD to "Bt diRERMEEEP! Mofd %ﬂb%t thoat t ﬁif?egéﬂﬂt nozzle

25. I n anot her enbodi nent, other hydrocarbons a
aeRudigurasions car be piached iq thereattore Barmgl 220 shualild be tallygnough to

PO Bl L o BR8] i e
atramsitiorc #) the runifoxth UTERS réad@6e bne BiirdiL6RAYorR SR BMD5 is a

but yl ene, pentyl ene, and ot her hydrocarbons having 4
oYerﬁﬁaﬁé@?ﬁ’@ﬁon atons, or mixtures thereof. [0096] In

stgipby anot h PR : cts fro

CE)nve]r si on rBEélgglt 1‘on S@Eﬁlgégi@%g& gggerr&@b Y 2}3 6.a|1@pp5frugum

ssequevd thervadéssf theosactx dagH &, the final desired dimension for riser
(connecting conduit) 300. In an embodiment, sidewall 235 of upper frustum 230

forms an angle 236 of 85 degrees. In an embodiment of this invention, the region
from bottom frustum 210 to upper frustum 230 corresponds to a contacting
conduit. The catalyst, reacted feedstock, and unreacted feedstock continue up
connecting conduit 300 until they reach a separator.

[0101] In the embodiment depicted in FIG. 1, the diameter of initial
conduit 100 is 5 fest. The diameter of barrel 220 is 8.5 feet, while the diameter of

connecting conduit 300 is only 6 feet. The change in width between these



many of the ol efins produced by an oxygenate to olefin
conversion reaction are suitable for use as raw
wort@riced1s for the synthesis of polyol efins, sBCH/US2004/037710
pol yet hyl ene or pol ypropyl ee. |V. Exanples A Sanple
Apparatus [0097] FIG 1 provides an exanple of a | ower
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partially regenerathg the solid catal yst particles.

| Alowi aphicys mlardesired GSiVsofgreatenthiro® me'sl t 0 cont acgi ng

Rt 200. tacting conduit.200 i s .conposed of. a
oAl ¢ USR8 Sl aRRaR 5% SaneetsAs dhmens rspld catas
23articles 509 witbatteimmatior 0dRMWaALA idkal &ndBRTT0AM AL US! PiRicles
210 is angled so that the dianeter of the frustum

i RAvedwetirough; the reagiercandomter aenfagtingnecnduial 3061 thenlfaeﬁc;_lesé 505
1 | t i L) .215. f o angl e .
o e 3RS TR LR G 5B R Bt
i nowtuit, 260wt kad pefdrmagioi gm léa(Et @xmlm@ﬁtatzdgg g@mﬁb ent?P Point
th | dewal | 215, Feedstock inlets 250 form a _
n8ﬁﬁ‘kj}g$€iﬁlssl’£ﬁgﬂ°’és ?é‘ﬁé‘tﬁl% siruetyre il dgyelap thah isycomposed of the jets
oL B AP o PRI L0 Ol
28anch230. a Agdhe dlowf n®Pes] doweemame et je‘;se\k;vilb eVﬁfrilalB/&%oalesce to
9] Wthin contacting condyjt 200, bottom frustum
[2%?3% é %IB%IS: 90]"0 " élale%g B 335'226?‘3 ThHEedoHAwC thegncontinues
bebtweeRaBGhioUPnhédtmlethdi3@nd barrel 220 is shown as
a_flange joint. The connection between bottom frustum

2Bo and i ni FharactetningReaato0Flows al SimutdtioniMethodoldgyange

Lo S B A PN o
creattiais reithin s gaasolide raddt@¢ RGet-fukihd mdRAGS AescriBR’d Abw of

220 _shoul d be tall enough to
methanol (oxygenate) from a %lurahty of feed nozzles into a reactor was

developed. This jet-mixing model was used to model a reactor having a lower
portion as shown in Figure 1. In the model, methanol feedstock enters the bottom
frustum at the circumference. In the model, the feedstock inlet nozzles are located
in a plane parallel to grade and below upper frustum 235. The nozzles are equally
spaced along the circumference. The nozzles are angled from the vertical by an
angle theta, where theta must be located at an elevation below the nozzle plane. A
jet of methanol exits each nozzle at about 96 ft/s. The jet is initially small in
diameter and grows steadily as the jet decelerates. Surrounding the jet is a dense
phase comprised of aeration fluid and solids. Owing to the concentration

difference between the jet and the dense phase, solids become entrained into the



at |l east contain the full height of the non-honogenous

reaction zone and the transition to the uniformflow
woeearstlcea12z zone during operation. Sidewall 225 PEeTAS2004/037710

vertical sidewall. [0100] Barrel 220 is openly joined

to upper frustum 230. Upper frustum 230 narrows the
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[O%ﬁ?} g an oxygenate to ol efin conversion

process, “solid catal yst particles 505 will enter

r et or UlGintéhr ough initial conduit 100. As the
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contacting’ conduit 200, the particles 505 will cone
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downstreaminto connecting conduit 300. B.

Characterizing Reactor Flows -Sinulation Methodol ogy
wPQdBAk63Ie further investigate the flow struct BCEUS2004/037710

hydrocarbon to ol efin reactdlons within a gas-solids

reactor, a jet-mxing nodel to describe a flow of

TetiRebic@oraeRALR)s LM Ry al Tty of feed nozzles

into a reacCtor wa evel oped. is jet-m xi ng nodel

was, used t dRgpglelR.g, )reactor having a | ower portion as

showe i E ur egds. [T I he nodel, nethanol feedstock

enters th ot dm|Uais{um at the circunference. i the
model , thedfeedstock iplet nozzles are located in a
pl ane parallel to grade and bel ow upper frustum 235.
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of nethanol exits each nozz
jetng.s initially small in dianmeter and grows steadily

as, the jet cel erate Surrounding the jet is a dense
p%ase conpr %eg‘ésgm{}?@%?ﬁe?@ﬁ{”fcl ugts solids. Owing to
the conggppration differgnce between the jet and the

déhse= ,(R§9jiﬂ5,.seﬁ;@en£“—“e(mﬂa@i Rl L RLO Ré,jsee). The

arrel”, “Fiser

per cent age of solids entrdined in the jet flowils
rdfen ek} o s the solids hol dup. The vol ume fraction
ofyr sol | gsVi ncpeases as the jet penetrates the riser.
Evéritital I'y=al It the jets coal esce and engul f the

i ' the rj .| medi |
b gfel 08 SECLG R el el B i Bt ShnRta e Yeespes the
stapadngielemdat@usiam anpld)Rtwdedahe bakhe ahdBRHsBAt

pﬂ?@i j:al qu nl%i ties needed to describe reaction
KIHOPl s ar Othesdmpeytantepergting parametess inchide solvedsion, pressure,

hednehéPatu@N Bath 6% Uit PRio© | zone. . The . .,
fol l'owi ng’ DJ&] ngdg@Shén&mg@éee%g’gfd%%g RYEIBlres 9f 5% 25
MPEAY Ok Bk 1, tod §iwttid, agspedthvelyf. | ow structure within a

rgactor. Thgfle et%uati ci{]s shg;wthat the key jet mxing
pafanet ers aPdetiiezPgReIFor dilewe niFlewebtruciinie nWithith the Non-
angl e of thBEoARZEARS CoilRt Z¥fe t0 vertical, and nozzle
velocity. 1. Jet M xing Physics [0104] The | ocation of

t P 0pkt cenFE’S-i%—_t ﬁ@rq\iié@ exanplanpf dhe propeess of, feadstolk jets
AR e BB, R BN a0
introduction of feedstock jets into a reactor as depicted in FIG. 1. In the
simulations, methanol feedstock was injected into an 8.5 foot diameter reactor
through the sidewall of the reactor via 6 12” nozzles. The velocity of the
feedstock as it exits the nozzles is 96 ft/sec. The emulsion velocity for the
fluidized bed (prior to injection of the feedstock jets) was 2.26 feet/second.
[0107] FIG. 2 depicts the motion of the centerline for each of the jets. The
middle curve represents the simulated center of the jet, while the two dotted lines
represent rough error bounds on the calculated trajectory. The centerline of the jet
initially starts out at a height of zero within the reactor and at a distance of 4.25

feet from the center of the reactor (half the diameter). The figure shows the



dT ~ Ul dRe = Uo sin q dl ~ Ul where W is the

injection velocity and U is the jet velocity. The
woaves/oeézient rai nment of solids into the jet i srdOUS2004837710

PJ Ul LPa J where a is the2entrai nnent coefficient

and r,- and ra are the jet and enul si on phase

syt ropesrae ehil5 BE55,A00 MR g gt
[ Bed] MR jet ydufmues fhyouth the Ruididedrbddtidhit @ feidRkd a height of 21.9
ndFENTARS el heeBrtontiene g e Guidiond bedpelsy 1 engul f
1109, (0 e LRl 8 8 Moy o
rifgadizedRbod.e Heret bee bojtany alkisntepetisamettas tethl Ulempetse jet has
oG RER 5R i 4 o7 hl E ThTBLBRE e st s
FrUst G Bar o] GROELTT o Eauat ofe i upush e fudized b
R the radps exparidswstil the yetremshesits findl satiug ofjaboutins fes. +
Eefu(ﬁ]]s[ i ie{ygg%rs rﬁgsplwéf ﬂ{er$éloc?typof$hg ?eretisetloc }é't as? Iitr![yalvgfsltgrrlmgh
the fluidized bed. After an initial sharp drop off in velocity, the jet approaches a
velocity of about 20 fi/sec.
[0110] FIG. 5 shows the particle volume fraction of a feedstock jet as it
travels through the fluidized bed. As the feedstock moves up through the bed, the
jet accumulates solid particles. At the top of the bed, the feedstock contains a
~ solid particle concentration of roughly 15% by volume.
[0111] These figures demonstrate the typical behavior for feedstock jets in
the acceleration zone. As the jets move through the fluidized bed, the jets expand,
slow down, and entrain solid catalyst particles. The exact values for the height of
the fluidized bed and the size, speed, and particle volume of the jets will vary
depending on the initial velocity of the jets and the angle of the nozzles relative to
vertical. However, the qualitative appearance of the flow structure as a series of
lower concentration jets within the higher concentration fluidized bed should
remain the same.,
D. Characterizing Reactor Flows - Gas-Solids Reactivity
[0112] To simulate reactivity within a gas-solids reactor, the jet mixing
model was combined with 1D and 2D reactor kinetics modules. In these
combined jet mixing and reaction kinetics simulations, the jet was first divided
into finite cylindrical volume elements. The height of each cylindrical element
was arbitrarily chosen as ~1 ft, and the diameter of each element was determined
from the jet-mixing model. The number of finite elements, which ranged from 9
to 24, was in effect proportional to the axial penetration of the jet. The diameter

of each volume element was then adjusted to account for the number of jets (or
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of the jet, while the two dotted |ines represent rough
esFlsFiEBunds on the cal cul ated trajectory. The

c line t Letcipitially starts.out at a.height .

o?‘ﬁz@:} 0 Wi t(l’?ilfhr? tﬁléller té)gc Sr e]glﬁad%gfmta Cﬁ??@éﬁ%e %o f 184.“2% easily

f deterthinednfohgasewtitieflont Roreidgtapkae flohalofod A been reported in
The _figure shows thepredicted progress of

d. ¥ . . .

t Iﬁlgemétg%tra Fi ndlO¥CYeRe TpREEUERICRTS sy égs-ﬁﬁrtg udhws Hedicate  that
f lettirglh gt i?%gimuﬂﬂﬁshﬂctcﬁ%?%?k&%?ﬂ%hf ough the fl uidized
bed I el ght o

unt i It reaches a 1.9 feet, where the
j é9d4begi n Maluestaidudated &ndldsdﬂeinﬁlllwiidﬁsﬁ&d_;bﬁén%ﬂdi?- Table 1.
08]. F 3 ows' t he expansion of the jet as i )
[ngée@g]%ﬁf}% r‘%ﬁ‘@\% F dVerage perrenimation of plidypartisles grirained
r 1ot i t: et .
el o e P oSn M or MFICE s, 1S cbAGARREGH of solia

bearticlph avifhan asfeadsteckaiet ingi¢akesaas theijeti movesathirowgshothe Fhiidized

' . h he fluidi.zed_ bed, )
[ eI A I
r adhitsthefiraatiton (chegblfingProne] AHHottbGons c§ﬂ&‘f§%1? gég)éﬁents the

velocity of the feedstock jet as it travels t _
t REcentagedpt Egdgack camvesied 4o olefint inathestraeloraty Gporelidmogenous

;’ t@(}lfs%&(;dé)t Yond fid) €insARR" 95ENESnBinkE! o‘f!)tp}/re‘(z)efnt AR onGsion of

feedstock (and thus a loss of selectivity toward production of ethylene and

propylene), the bottom zone conversion should be below about 90%.

[0115] Table 1 illustrates the sensitivity of the nozzle angle at a fixed o of
0.04. This value of the entrainment coefficient is believed to best represent the
solids holdup behavior of the feedstock as it moves through the catalyst bed. The
overall trend is that as the nozzles approach the horizontal, the height of the
acceleration zone and the bottom zone conversion decrease. (The points shown
for 15 degrees are lower than those at 30 degrees because the criteria for jet

coalescence must change for steep angles to take into account the boundary



[0110] FIG 5 shows the particle volune fraction of a

feedstock jet as it travels through the fluidized bed.
wéoashecFieedst ock noves up through the bed, thecras2004/037710

accunul ates solid particless4 At the top of the bed,

the feedstock contains a solid particle concentration

ofprb Hesl?]( I These

depﬁoﬁigtg@g?t géeh)&%?cwbekaw O%hefecﬂu ‘faéeé]ag ‘%er htaingd, after

t mnammag dhajdtomta one . mis$ roh @x¢cRt Sheavendter @fuﬂia fiRe) At 75
the ets expand, slow down, and entraln

i di ze
egaaeﬁ, Edhgqg;g@nbgp{l GP’é‘éerSKFh shapht tnopegsefe eWing tq 14o 1ncreased
h f | e e
p?rn | Cllng zsg@ genghﬂéfﬁltséeﬁ}e?gu%g Zoh€ cgﬁtég%tg% B ﬁg rg%ctltoH Jnore
i rthari the jetel braddjtiarf tot shewjirey asnmmdluthhﬁl thoglze olffthd &fpulfing zone

RS kg Bl Re P, et rhun el e sumblsdons shiphhat the

C aRR@mumAtdabivitye fisr Yiet Bd)tfbntl henbighge r‘é&ﬁ&e BEGRL 1P he largest
fluidized bed should remain the same. D.

cHBiidisedhadAeight REhe sivrulatianazlso S@aw-t&ilthdhlrg%saﬂuud!mﬂ)bed size

[ [ actiy thin as-sol ids

| Sbilde] Sl alSREE ik Bl oluBnd 2866t h T D ana

2[0tkect or mabEt lCeﬂsdTﬁdﬂdd%S a klﬁltﬂﬁﬁ)%elrﬁlgm%:%ddﬂfﬁfent nozzle
Cpg{l]gqﬂand reaction kinetics sinmulations e jet

fi

At elihg Hpel golyme dn Eybﬁerﬂdﬁh%sl thy gbswite fesine menimslation
TRemhel Q’h}etso&?é?ﬁé‘d“at?ﬁt eLngijJ (!)fp’ﬁj gcsérg nltélgga ?og {n? \r}altaj&sg jets

chosen as” ~1
dentas injeetediatfa ‘m}mdlfyeof 1@9-4nﬁt/XI Myisrinidelelodifiew i ¥8ketedo that the

| h d f 9 24,
ot SO Gt RSPt ik Sostion roisietiva: parsiag pdiscen the
| Simuldtfishs dindoRLRY 601:1nd=-‘ aehpyaldire 1%%”?”&1%0‘30%5 nan aﬁthio %1} the

adjusted to account for the nunber of (ornozz

pﬁ%@)ﬁ]@g zengdteighit emmﬂﬁtlvmbssmdib(r@ iy g@mbﬂgﬂlﬂtﬁ‘ the Iﬂuldlzed bed is
a r C on n 1o the ocatl1 on

oD RRIaNZHE 1334 ighel Ebfubel fef SRPEY. | Tlscieedicin obatiam zone
t eotdet@dﬂmfl@ﬂ?r'ﬂ)%z%s% spite Gpﬁhéaﬁﬁs?e?%ttéﬁ %@lcoﬁerglgﬁ value,

vol.ume and solid fraction of the engulfing zon
DHS AR5t easenrepespits ean emhedimenbnf theh erasgﬁrlat/entg)n The lower

r constant;  that
PESRERASE Salif bt S5 iaGRAR BTl ot BRI Porrigion, the
thnaxmmpmboﬁ@neoim/cﬂmdmmribtcﬁv@tC were not adj usted.
The initial parameters selected for the jet-m xing
nodel are shown in Table 1. Sinulations were conducted
to explore the sensitivities to a (the entrai nnment
coefficient), the angle of entry for the feedstock
jets, and nozzle velocity. The response vari abl es




of interest were frustum conversion, acceleration zone

hei ght, hol dup, and selectivity. [0113] The val ue of
woheosataiai nment coefficient, a, is not easilyPCT/US2004/037710

determ ned for gas-solids fi5ow. For single-phase flow,

0.08 has been reported in the literature. However,

measur enents for gas-solidrgbﬁl 11 ndicate that

entrainnent is as nuch as a tactor of two smaller

[0114] Values calculated in these sinulations are
r . in Tabl \Y [et | dup refersf to the
Ev@?ﬁ%‘éﬁgg centr a?llzcl')orq of alrsb('aqoi dp r‘@i (F:)I e]?'o nt|r ai2% 8.00
vﬁ%ﬁi a feedstdgck jet.] As shdwn earlfier in [FTG 5,
t n%gﬁ%entration of sqlidOparlticPes withinla 6 12
fleedstock jel increases as the jet vVes through—the
flIATgiofdets bed. The ¥ngul fiXg Hol ddp i mdoarlly rsferls 30
trothe—Toncentratton—of—sot+dpartieches—w-tRi-r—the
t| detri&ldacitp (/§)engul f 961§) |zooes Theokhdt tjonvgdHng 965 129.4
¢enverston—represents—the pergentage stock
¢ waksihined alpBa Ol €f | o4 N |t hgoscgel goat € (Hen- Honpgenqus g4
¢ontact) zone and trandition Zone conbi ned. [To prevent
OWRLS Lon af St an? @ys g qf
velec??%?%%*tomargbgﬁgcugﬁﬁ%ﬁ 0 Dé hylgﬁggird8in98 0.0468
0] | ene) f%% b zone cgn j an_shoul|d be bel ow
& og%{gugtnﬁ"%mf iE] 8’%\%2 1 (fl I Ls:{'ﬁéﬁes P& o ansi&Byilt 4028
of t nozzl e angle at [a fixed a of U.04. This valge
()tﬁn¥‘ﬂg“gelfﬂ14‘lﬁi nnenP- 1tefifi c ent] P4285el|i @J4%6 {o0BHE®E | 0.1
represent thne sof i ds holdup behaviorof—thefeedstock
adced zonshe Dt hr gu9.@ he c2it@l yst17ed.| ThHe overm3 12.3
rend—s—that—as—the nozztes—approach—thehorizontal,
{ Betthrecgiversph t Neo.assael! eo.a2i7on @arm anglzdhe b@hmmTLosz%
rone—conversionldecrease (The points shownlfor 15

degrees are | ower than those at 30 degrees because the
Crgihefi a forpjat F : for, stee

aL gl e]; tot aEeﬁi Srlf? %ﬁégg%ﬁ%? %lﬁgg%gﬁfr%g@?&g hsthoys &

t twe mérshyr illwetidtive,Tanait thaisvariationy on tHeeabReeid¥eri@tibn may be made

di ter. obt.ai.ned after_ conbining the jets into one
n@lqgﬁt&wné%@‘é‘aﬁ?ﬁéoﬂﬁ%f ¢ RicSHt 1feBl.ser . ) At 75
degr ees,

the bottom zone conversion sharply increases
ow ng to an increased engul fing zone height. Here, the
engul fing zone contributes to the reaction nore than
the jets. In addition to showing a mnimumin the size
of the engulfing zone for an entry angle of 30 degrees
fromvertical, the simulations show that the maxi mum
reactivity for the bottom zone in the reactor occurs
at the | argest

diments




fluidized bed height. The sinulations al so show that

the largest fluidized bed size coincides with a
wonosmeeati on of the size of the engul fing zonecT[u81mép37710

Table 1 also includes a simglation involving a

di fferent nozzle configuration. The final columm in

Tod) Rsshows the results froma simulation with 12 8"

jets-orrented at an angle of 30 degrees. The feedstock

fromthese jets was injected at a velocity of 129.4

f tWhat iThlasmediset vel ocity was sel ected so that the A

total volunme of feedstock entering the reactor was

cqgnst ag& betvveefn t he .simul ati ons involving 6 and 12

nozzl ed: PERBISCIICOLKTRAS Ok¥genaict A Gl predudnenmprising the steps

zone hegyrght is relatively small (0.4 ft), the height

of the fluidized bed is also snmall due to the higher

f eedst G¢k j eonipgling jolefin fomning eatdlystt dowirgpthrongly anentacting
te of this | ower

conversion of _only.0.3296. .l.n spi .

bott om zone C%Cﬁ%}le%'gﬁ6?1£V§Pf}é,etst°ﬁi°§ygeé’§‘ie P 4gengle mclined from
represents ame 6Waditheslefif ffolnkiBg RAEERRMo nM4BNEdRBrsiol & the
| ower conversion value here nerely i'ndicates that %or

thi s nozzl e S¥yeFREpUP Qldfirproduss nmaxi mum bott om zone

on i . le (in) 12.00
7500 P47 00 TshBoRehl e gt v 96 Soshisbea ol ontact at 2
Angl e of Jeflscafibn 3Mth#bth6 Qomtactdg cdatiuivehaci ty (ft/s)

96.5 96,5 96.5.96, 5 %6. 5 129.4 Entrai nnment al pha 0.04
0.04 0%ba olleWing Be doveatrapsn mizare ion gomnegting sondvitisgBg a

0. 0409 0. 0286,.0. 6 ngul ficng. zone (ft .
0 0905 0 1 s Eeinab afd0al fn U of e f.‘"’ﬁ%ﬂﬁ%% Zﬁ%d““ to
0.1145 0 0. t@BBE coUERsiOn d60Z oRydenAtecte lolefngoict (T t)

20.0 21.9 17.0 14.2 12.3 12.3 Bottom conversion 0.5384
0. 6237 0.4233 0.3933 0.4358 0.3296 [0117] Those

ski |l | ed procédsbodf @Bﬁve‘ﬁ‘,:iﬂé Q){){%@&Q@ ke Glehﬁﬁatg%cgﬂg ﬁg?ﬂ)\{ﬁing the steps

enbodi nents are nerely ilTustrative,
vari atPbns on the above description may be made while

FAURRL T EE T L A ————
?L ecg P\ée ; ti eentaxingebadiBt Ravirdl B dxipafd QA6 seQRFRT 4red; N9

b)p contacting olefin forming catalyst flowing through the contacting
conduit with individual jets of oxygenate at an angle inclined from
the flow of the olefin forming catalyst to initiate conversion of the
oxygenate to olefin product;
c) mixing together the individual jets downstream of contact at a

location within the contacting conduit; and

d) flowing the downstream mixture to a connecting conduit having a

cross sectional area less than that of the contacting conduit to

continue conversion of the oxygenate to olefin product.

3. The process of claim 1 or 2, wherein the individual jets of oxygenate are

injected into the contacting conduit at a velocity of from 20 m/sec to
40 m/sec.



of: a) contacting olefin form ng catalyst flow ng

through a contacting conduit with individual jets of
woxygmaedtie at an angle inclined fromthe fl ow 8ETISE004/037710

olefin formng catalyst todnitiate conversion of the

oxygenate to ol efin product; b) m xing together the

i ndi vi dual jets downstream of contact at a |ocation

within the contacting conduit; and c) flow ng the

dotanst rBemrodess of anytaf the preneting tlagns; Sdibin tHashngtiss conduit

Cross sec%}onal arg&.lesg.than that of the contacting

condui COPE o AT LY (YRR sprcst sepREntingy thenddividaal jets of

ol efi n RKpeHaed.. 2. A process of converting oxygenate

to ol efin product, conprising the steps of: a) flow ng

an olefin formng catalyst froman initial conduit

' L | ded
SO AP LR A R G

f 1 ow ngftiviotgontdTeveesidGhd SONE ﬁ[&ﬂﬁhﬁa}w& Bedupdi Vi dual
jets of oxygenate at an angle inclined fromthe flow

of the olefin formng catalyst to initiate conversion

ofz t he I ' reduct: c i Xing t t her .

h e dRMABRS B2y ALahL ALY i) BSOS Mg

| ocat i oatalyist Biffovtddethmagh @t dodgect@dohluit A6 cshoehtr A MHat is
to_a connecting conduit having

t he downstream m xtur

a cros<es§ Ay tg]ﬁta‘l’lg( %F’ é’i\eﬁne@@t%a“rﬁt‘ﬂ}’fét ogfing mathin the contacting
cont acthp@iconduit to continue conversion of the
oxygenate to ol efin product. 3. The process of claiml
or 2, wherein the individual jets of oxygenate are

i Bj ect into the contacting conduit at a velocity of
f fom 20 RSt 8 45 R QucPiedii cpimsauacTem Baylefn farming
precedegiglysd &l fidwediROLEE thd @orﬁﬁ’&fn%%dn’&gitcﬁrﬁj%ﬁce tration of
contains areas of interstitial spaCe separating the
i ndi vi &98 15 wal¥ siidsjo/gfevelbiesolids. The process of claim
4, wherein the areas of interstitial space are
upstream

8. The process of any of claims 1-6, wherein the olefin forming catalyst is

flowed through the connecting conduit at a concentration of from 3 vol%
solids to 15 vol% solids.

9. The process of any of claims 1-6, wherein the olefin forming catalyst is
flowed through the connecting conduit at a concentration of from 1 vol%

solids to 5 vol% solids.

10.  The process of any of the preceding claims, further comprising a step of

separating olefin product from the olefin forming catalyst.

11. The process of claim 10, further comprising a step of contacting at least
one olefin in the separated olefin product with an olefin forming catalyst to

form polyolefin.



of the location of where mi xing of the individual jets
occurs. 6. The process of any of the precedi ng clains,
wohersgicesithe ol efin form ng catal yst is fl owedpChuse@he37710
t he connecting conduit at &8concentration that is |ess
than that of the olefin form ng catalyst flow ng
Wi thi n | I : ss .pf
of The parasss SF B GRRIeling byt SuRERRISH obtn DY of he
cat al ysuxygenat¢ imbe corteciingfrondeit sephesttedng ole@idditbducat a
concentration of from15 vol % solids to 65 vol %
solids. 8. The process of any of clains 1-6, wherein
the olefin formng catalyst is flowed through the
connecting conduit at a concentration of from3 vol %
solids to 15 vol % solids. 9. The process of any of
clains 1-6, wherein the olefin formng catalyst is
fl owed through the connecting conduit at a
concentration of from1 vol%solids to 5 vol % sol i ds.
10. The process of any of the preceding clains,
further conprising a step of separating ol efin product
fromthe olefin formng catalyst. 11. The process of
claim 10, further conprising a step of contacting at
| east one olefin in the separated olefin product with
an olefin formng catalyst to form pol yol efin.12. The
process of any of the preceding clains, wherein |ess
than 100% of the oxygenate in the contacting conduit
is converted to ol efin product.



