WD 01/ 62689 PCT/ US01/ 04503 -1 CONVERSI ON OF OXYGENATE TO OLEFINS W TH
STAGED | NJECTI ON OF OXYGENATE The present invention relates to a process
for convewlg Ag28890xygenat e, such as net hanol and/or di net pdretdaei4sos O
olefins in a reactor over a nolecular sieve catal yst such as ZSM 34 and
SAPO- 34 wherein oxygenate is introduced to a catalyst bed at nultiple

I njection points along the flow axis of the reactor. The process is
especially useful for increasing ethylene selectivity. 10 Aefin

manuf act uri ng processes such as st eam cracki n mgeneral Igy operate at | ow

pressure, hi gh GONVERSION-OFQXYGENATE TQRLE WHH S to enhance

yields of light ol efins whi favored by these
conditions. In producing | H&QEaéf'Q'}‘ ?ﬁ%?‘?& ivity to ethylene can be
i ncreased to sone extent by increasing reactor severity, 15 e.g. by
operation at |ow pressure, high tenperature, and/or by diluent addition.
However, as r eaclhs presest inventian i'eiat&saseajptaueas fol edriveriim@duction s
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exanple, W t h St eam uent expense of generating the steam and the
costly equigxygenateds duinchies tbhlacaﬂadwhbédratmmtipletmjeet]ompomtsmk:tngoe

consi dered wi gh t he agﬁ]ltlonfl rTJ'Eﬁvenues attained for f her ol efin

yi el ds. Futh®dpwgwds o Pnehe ARRCEssys asperialy dige %r 'é‘ reasintandl e t he
pr ocessi ngeq,f] |€hé'é%rétcn9ﬁ well as reactive feed. Wth nethanol 25 conversion
processes, these expenses generally negate using diluents in significant
gquantitig., In arOleﬂhmmanufacwmpgq)recqswlsdsumhnasasteams:racémg igemepalcedur es,
stagew se injectio rea ents has been used various fixed bed

processes. oP§Faleal é’reﬁﬁ e, highdgmpgsature;, %"ﬂ?w'ﬂig"ﬂﬁﬂ s4swenag13 3o .
describe t qhusher AL R ABIRATBAPERANESIH e oty Ab Iy eagent i s

favored by these conditions. In producing light olefins, the selectivity to -
ethylene can be inereased to some extent by increasing reactor severity,

15 e.g. by operation at low pressure, high temperature, and/or by diluent
addition. However, ‘as reactor severity is increased total olefin production
is decreased. Moreover, the production of paraffins, i.e., methane, ethane,
propane, etc., aromatics and other less desirable components will also
increase. Similarly, diluent addition entails significant expense. For

20 example, with steam diluent, the expense of generating the steam and the
costly equipment to condense the steam for product recovery must be
considered with the additional revenues attained for the higher olefin
yields. Furthermoré, all equipment must be increased in size to handle
the processing of d_iluent as well as reactive feed. With methanol

25  conversion processes, these expenses generally negate using diluents in
significant quantity.;

In an effort fto improve yields in various reaction procedures,
stagewise injection pf reagents has been used in various fixed bed
processes. For example, U.S. Patent Nos. 4,377,718 and 4,761,513

30  describe toluene alkylation processes wherein the alkylating reagent is

fed at different stages between fixed beds. Likewise, U.S. Patent No.



fed at different stages between fixed beds. Likew se, U S Patent No. WO
01/ 62689 PCT/ USOL/ 04503 -2 3,751,504 discloses a simlar procedure, using

mul ti pl e W A&kégon ports, for preparing ethyl benzene usi ngraydoreds bed
catal yst reactor. U S. Patent No. 5,120,890 discloses nultiple reactant

injection locations into separate fixed beds in a process for reducing
benzene and toluene content in light 5 gasoline streans. U S. Patent Nos.
3,751,504; 4,377,718; 4,761,513; and 5,120,890 are each entirely

i ncorporated herein by reference. In these fixed bed processes, one can
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provi di ng t Nes &, K88 idisciosbstnaltiptd reactanmtdnjectioh letetiopk dntorgepanate zone in
a separate reactor, vessel, wherein .additional rea ent@ is (ar e% I nj ected
bet ween adj H¥edreds g Proeress fofrediecing degene aaditp nie AGRL t hat
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fixed bed r&x2®8S0 aps eadh sateinimgepoatéd hemintblyaefarencedntthess because of
the potential negative inpact of exotherns on product selectivity. Reactor
stability 8%8dOeAPraressas, 288 ogeRasiy ssrpealgithe calplystiead iffaperat ure ri se

per o2t 2 vt b L eolbSohal HREESS bR, tdpapglusHier of, beds

to 20 accommodate e heat o*s reac ect iI'S I nvention

to provide pgmbesibwihadditRysl ahariall and this niikiuge ¢xfegtodthe to ol ef i ns,
especially lower olefins, e.g., ethylene, propylene and butene, with high
conver sildn SHBseQyetZonet One wayfPravdingtbese separataandodisersieig nul tipl e
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| mpr ovenent adeniopal %dgérﬁ((s? ihese) mjduted edtwedhadjagegezenerimigisof dil uents,
at | ess expense. In general, the processes and systens according to this
i nvention procedure suffers from the drawback that considerable expense is
involved in providing separate reactor vessels and the associdted
15 hardware for running this type of system. Additionally, fixed bed reactors
are disadvantageous for exothermic reactions because of the potential
negative impact of exotherms on product selectivity. Reactor stability
concerns with fixed beds also require that the temperature rise per
catalyst bed be limited. This could necessitate a large number of beds to
20 accommodate the heat of reaction.
Itis an objeét of this invention to provide processes and systems
for converting oxygenate to olefins, especially lower olefins, e.g.,
ethylene, propylene and butene, with high conversion and selectivity. It
has now been found that by using multiple injection of pure or slightly
25 diluted feed into, e.g., a fluid-bed reactor system, it is possible to achieve
ethylene selectivity improvements comparable to those achieved with
large amounts of diluents, at less expense.
In general, the processes and systems according to this invention
use stagewise injection of oxygenate by introducing the oxygenate into a

30 catalyst bed at plural stages along the flow axis of the reactor.



use stagew se injection of oxygenate by introducing the oxygenate into a

30 catal yst bed at plural stages along the flow axis of the reactor. WO

01/ 62689 ROIJ1ld26kb/ 04503 -3 I n one aspect, the present i nygRtg@oiates to
a process for converting oxygenate to an ol efi n-containing product,
conprising: introducing oxygenate ipko a reactor systemat plural stages
along a flow axis of a reactor catalyst bed; 5 contacting the oxygenate

wi th an oxygenate to ol efin conversion nolecular sieve catal yst under
oxygenate to ol efin conversion condjtions; and recovering an
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bed. In anot her jrtrsaRdingeEotygenate hte sebctonsystanoat pkiralt stagésalorgyst em  for
converting oxygenate to an ol efin-containing product, conprising: a reactor
syst em conBifiow ays #f aggactor catalystypadiped: 15 neans for introduci ng
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oxygenat e hpledgi sleve eataystivmtiomokpgenate t6iotsfih covalryioh comditionsxygenat e t o
ol efin conversion conditions; and 20 neans for recovering an
ol ef i n-con@Bfni ng product which contains a higher proportion of ethylene

th duct ed f : - i i £ f onlyi By duci
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25 conmpl et e!tférunderstpod when considered in context with the follow ng
det ai | & dgiiers pnlydey infadsinaexvegestaatia singdlpstage apngilae fewfed drawi ng,

wher ei n: of the reactor catalyst bed.
In another embodiment, the present invention relates to a system
for converting oxygenate to an olefin-containing product, comprising:
a reactor syé;em comprising a reactor catalyst bed;
15 means for introducing oxygenate into the reactor system at plural
stages along a flow axis of said reactor catalyst bed;
means for dbntacting the oxygenate with an oxygenate to olefin
conversion molecular sieve catalyst under oxygenate to olefin conversion
conditions; and
20 means for récovering an olefin-containing product which contains a
higher proportion of ethylene than a product produced from a process
which differs only by introducing oxygenate at a single stage along the
flow axis of the reat;tor catalyst bed.
This invention, and the advantageous features thereof, will be more
25 completely understood when considered in context with the following
detailed description, which includes a description of the attached drawing,
wherein:
The FIGURE illustrates an embodiment of the invention that uses a
single reactor vessel that includes a single fluidized bed and a multiple

30  injection arrangement.



The FIGURE illustrates an enbodi nent of the invention that uses a single

reactor vessel that includes a single fluidized bed and a nmultiple 30

i nj ecti onway gi@aggenent . WO 01/ 62689 PCT/ USOL/ 04503 -4 It igTakdwi4do9

sel ectively convert oxygenates, including particularly nethanol, to |ight

olefins, viz., ethylene (C2=), propyleneg(C3 ), and butylene (Ca ).

Et hyl ene and propylene are in high demand, and the need for these chem cal

raw materials, particularly ethylene, continues to grow. 5 In the present

i nvention, oxygenate, e.g., oxygenate selected fromthe . group consisting
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and an internedra ortion"ex | e he top porti and the 20
bottom porti care regygeeate is introduced at a first location at or near the

bottom portion of the fluidized bed reaction_ zone, and at a second | ocation
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portion of t haere suitable configdrations for use in the present invention. Preferably, the
reactor is a fluidized bed flow reactor type. The catalyst may be used in

15 various forms, such as a fixed bed, moving bed, fluidized bed, e.g., a
dense fluid bed, in suspension in the generally gaseous reaction mixture.

In one aspect of the invention, the reactor catalyst bed comprises a
fluidized bed reaction zone which includes a top portion, a bottom portion,
and an intermediate portion extending between the top portion and the

20 bottom portion. Oxygenate is introduced at a first location at or near the
bottom portion of thé fluidized bed reaction zone, and at a second location
in the intermediate"iportion of the fluidized bed reaction zone. Oxygenate
can be introduced to the fluidized bed reaction zone at a plurality of
different axial pos]izt’ions in the intermediate portion of the fluidized bed

25  reaction zone. '

Oxygenate can be introduced directly into the bottom portion of the
reaction zone through a bottom grid, and in the intermediate or top portion
of the reaction zone through injectors. The bottom grid can comprise
downstream or upstream directed nozzles; intermediate or top portion

30 injectors are preferably directed upstream, but may be directed

downstream as well. This aspect of the invention is not critical, as several



reaction zone through a bottomgrid, and in the internediate or top portion
of the reaction zone through injectors. The bottomgrid can conprise

downst r eaifi/cd8st ream di rect ed nozzles; internediate or tﬂﬁ/ﬁ%”}j&ﬁag 30
injectors are preferably directed upstream but nay be directe ownst ream

as well: This aspect of the invention isgnot critical, as several WO

01/ 62689 PCT/ US01/ 04503 -5 different i'n?éctor designs are feasible and the
actual |ayout depends on the specifics of the design. For exanple, with a

pipe grid layout for the bottomgrid, the injectors can be facing upstream
and even be alifjeremt injectar designs aredeasiblel aud thexactuabagryiydepearsscam be

[ d d I i f, diff I I . W thi
ber pendi oul argsPedies giihe eesian. FREReER TG pieé o8 BydulidtdBei on of the
react or vessedotidm Brid, theSinfiHhér sz FRING OERFESA shohdydibé Bhgiedf Teans for
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enbodi ment of t system 10 according to the invéntion. e system 10
i ncl udes B r eautlets, ergs swizzle®, Dukitorspatiat constraints| ihghay bé nedess=dty e d

reaction zone 14. This reaction zone 14 includes a. to ortjion 16, a
bot t om portigﬂcﬁt@,thﬁmzéﬁesi ?ﬂﬁ'lgﬁélﬁidﬁﬂeéeﬁ ¢ V@W%thhgg)a g?i nASHIBween the

top portion 16 anduiie S80RE) &4/ 0. @L188t.%, of aromatics such as benzene,
toluene, and/or xylenes, etc. can be co-fed with the oxygenate in order to
enhance olefin selectivity.

15 The FIGURE schematically illustrates a fluidized bed reactor
system that can be used in this invention for converting oxygenate to
olefin-containing pf,oduct. The illustrated system is described in detail
below.

The FIGURE illustrates a relatively compact and simple

20 embodiment of the 'éystem 10 according to the invention. The system 10
includes a reactor vessel 12, which contains a single fluidized bed
reaction zone 14. This reaction zone 14 includes a top portion 16, a
bottom portion 18, and an intermediate portion 20 that extends between
the top portion 16 and the bottom portion 18.

25 A fluidized bed reaction zone 14, as is known in the art, contains a
volume of small sized particles that are generally kept afloat ("fluidized")
by flowing gas as it ‘passes upward through the reactor vessel 12 during
reactor operation. Conventional devices, snch as primary cyclone 22 and
secondary cyclone 23, can be used to provide separation and recovery of

30 entrained catalyst from the gas, to return the solids to the bed, and to

maintain the fluidized bed 14 under suitable operating conditions.



25 A fluidized bed reaction zone 14, as is known in the art, contains a
vol ume of snmall sized particles that are generally kept afl oat

("flui d| z Y o628 flowing gas as it passes upward through gheudosasdsr
vessel uring reactor operation. Conventional devices, such as primary

cyclone 22 and secondary cyclone 23, cah_be used to prOV|de separation and
recovery of 30 entrained catalyst fromthe gas, to return the solids to the
bed, and to maintain the fluidized bed 14 under suitable operating
condltlons WO 01/ 62689 PCT/ USOL/ 04503 -6 Through this gas flow, reactants
pass i nto andhooughthisigasiflow, reagiantsnpassdnto and/osthrough tberﬁeactmt icles
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oxygenat e conversion reaction, and indeed, if desired, the entire volune
of the fl ui dcepdensin ancﬂtt-:lqn%orrprl se cat aI yst part icles. Any suitable
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test procedures are provided in J. Catal ysis 67, 218- 222 (1981) and in
U.S. Pat. Novolynrd of theofl@meddvedh 4 nm;etwnpasle Samd))est padlicles.i dayzeolites are

exenplified b SM1 ZS 35 ZM38 ZSM 48,
ZSW BT and. s SHItFOIE SHipla G be sERHVitu Seatg B A YR o,
3,702,886, US R é}%‘a (#lescri bi ng
a high silica ZSMqIEt}%;ééaagllglt ?ﬂ%ll te" |h'1hé’ M%elﬁﬁgeﬁgggcrﬁlagggnﬁﬁﬁ S. Pat. .
3,709, 9790 ZSkape- s‘eéeajweczedhmihawngeSConaﬂramt Mtdex3;f8|3224l2)etalls$1f/lﬂza i s
described in U S, Pat ZSM 35

2016, 245, 2&ANBYATY IndeRlestioTALAs arpTovides ). GaGHEBES, E%@?Zga.t 5
de3cr) Bed | AP 1 1S PRERG, ?ifﬁeéfﬁz@zépné@w;;ﬂsﬁ%. 2 ot 1o
i ncl ude selective zeolites are exempllfled by ZSM-5, ZSM- 11 ZSM-12, ZSM-23,
ZSM-35, ZSM-38, ZSM-48, ZSM-57 and similar materials. ZSM-5 is
15 described in U.S. Pat. No. 3,702,886, U.S. Reissue 29,948 and in U.S.
Pat. No. 4,061 ,724’(describing a high silica ZSM-5 as "silicalite"). ZSM-11
is described in U.S. Pat. No. 3,709,979. ZSM-12 is described in U.S. Pat.
No. 3,832,449. ZSM-23 is described in U.S. Pat. No. 4,076,842. ZSM-35
is described in U.S. Pat. No. 4,016,245, ZSM-38 is described in U.S. Pat.
20 No. 4,046,859. ZSM-48 is described in U.S. Pat. No. 4,397,827. ZSM-57
is described in U.S. Pat. No. 4,873,067.
Other suitab“ll"e catalysts for use in the present invention include
molecular sieves oﬁ pore size ranging from about 5.0 Angstroms to about
4.0 Angstroms, preferably from about 4.8 Angstroms to about 4.4
25 Angstroms. The srﬁall pore molecular sieve employed in the reaction is of
pore size ranging “b'etween about 5.0 Angstroms and 4.0 Angstroms,
preferably about 4.8 Angstroms and 4.4 Angstroms, and comprised of a
crystalline framework oxide component. Generally, the pore apertures of
the molecular sieve structure consist of from about 6- to about 10-,
30  preferably 8-membered ring structures. These materials, employed in

accordance with this invention, include natural and synthetic crystalline



nol ecul ar sieves of pore size ranging fromabout 5.0 Angstrons to about
4.0 Angstrons, preferably from about 4.8 Angstrons to about 4.4 25

Angst r omswolfig26¢%81 | pore nol ecul ar sieve enpl oyed i n the pcgagdo@is08S Of
pore size rangi ng between about 5.0 Angstrons and 4.0 Angstrons,

preferably about 4.8 Angstrons and 4.4 Apgstrons, and conprised of a
crystalline framework oxi de conponent. nerally, the pore apertures of

t he nol ecul ar sieve structure consist of fromabout 6- to about 10-, 30
preferably 8-nmenbered r| n structures. These materials, enployed in

accor dance wiStTHCIUiRS With tefrehgaral ifismeimer Krfadde GPMRABCRtPrAUE AT crystal | | ne

W0 01/ 62689 PTLLBCHIG c%qsphozgﬁ{)mgwm% et BuLEthogEal clyaimapyk oxi de

conponents su um num I con osp orus a

catal ysts ar gefotée frobl the gRupdcistingrofizeelitysptytramasalst i ng of zeolites,
tetrahedral alum nophosphat es (ALP and tetrahedral
si | i coal uni n@WBEPROEBhatesSAR am)etﬁﬁaaegraéﬂl@ﬁﬁlumlp@pbomteﬁi c

tal yst 4 . i .nor.at ed
hor o1 1 by *r el SRS E%%iﬁézi%ﬁsn*a“ﬁr?tzg Ofthe salyste S Z kg dtsgriBe
gnelinite, clihpgtPaRING.&4,086,188! ircorpcdrbtetbhereimby réfefémid, ZKATK-Bhe | i ke;
and such non-zeolitic catal yst s as | evyne, SAPO 1% SAPO- 18, SAPO- 34,
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structure of SAROCHt HARO-18) SAROEISSAPOM3 ah@ SAP O THE SRPOseérﬁeC' ally
the C2 / C3 rati o, whi | e rodu0| ng as little of the paraffinic and 1s
B

aromat i ¢ 1by- ;ylaﬂau&b/sdea@np@dsmu 8. PEbMNesc &t &87 1. 4555{4>a1t43 Kcb673029:1, 041,

di scl oses a pr ng oxygenate to a reaction product

cont ai ni ng I|4 §$§§?§f$ﬂ§9‘ 4%(é%f?act of the oxygenate with a phosphorus
nodi fied zeolite. wqezlsﬁésehﬁurmenwﬁ%aweéisatb% M&wﬁhmthéagmﬁ@w roMfifp, 1S
nodi fied by incorporating from about 78 wt. %to 4.5 wt. % phosphorus 20

bonded t o it dheframawerk stiuciurevasithe cwweto icrease uglyt disfin preduttione i s

especially the C, / C;™ ratio, while producing as little of the paraffinic and

15 aromatic by-products as possible. For example, U.S. Pat. No. 3,911,041,
discloses a process for converting oxygenate to a reaction product
containing light olefins by contact of the oxygenate with a phosphorus
modified zeolite. A zeolite of intermediate pore size, such as ZSM-5, is
modified by incorparating from about 0.78 wt. % to 4.5 wt. % phosphorus

20  bonded to its structural framework. Typically the dry ZSM-5 zeolite is
contacted with a so{lution of a phosphorus-cohtaining compound, e.g.,
PCl;, and heated afielevated temperature for a time sufficient to
incorporate the phosphorus within the crystalline framework of theé zeolite.

Selectivated catalysts (i.e., catalysts treated to preferentially

25 produce a particular compound) can be used in the process of the
invention. Such selectivated catalysts are known in this art. Selectivated
small pore zeolitic éatalysts of the type described above, e.g., ZSM-34 are
particularly useful. Selectivation of such materials can be carried out by
conventional methods such as phosphorus modification. Examples of

30 selectivated small pore materials suitable for use in the present invention



contacted with a solution of a phosphorus-containing conpound, e.g., PC13,
and heated at;elevated tenperature for a tine sufficient to incorporate

t he phospWeydgaydot hin the crystalline franework of the zeddtieso1/04503

Sel ectivated catalysts (i.e., catalysts treated to preferentially 25
produce a particular conpound) can be yged in the process of the

I nvention. Such selectivated catal ysts are known in this art. Selectivated
smal| pore zeolitic catalysts of the type described above, e.g., ZSM 34 are
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7L oA0ed SRR B R RERERY iRk 515 pRaP R 0o

€ reaction zone 1471 Ized form

Thi s react argorfien 18e Thenbxyrsbieesiretdtast praferablyris itreducadihrgebeouson devi ce
24, including conventional devices known in the art (e.g., injector
nozzl es,10perfoBnanddroyidessat loagiea peitign of dhe gps flow negesseNUr T at ed r eact or

system i ncl ydes Lo daunstream axi aly o ol O AR bt 2B gd 26b in
uc e éq . pstr 1 he

addition to ron devi ¢ ocated u eam at ottom

portion 18 dhtrbligcdd Usitigzety sstopaaetinfroductiuredévite 24{ ratiudingg oxygenate in
additional "stages." These devices 26a and 26b rmay be arranged to

i ntroduce t RONYRPtenakdeviesigrawn in tagyart (e.g., injector nozzles, perforated
grids, pipe grids, etc.).

15 The illustrated reactor system includes two downstream axial
introduction devices 26a and 26b in addition to the intreduction device 24
located upstream at the bottom portion 18 of the fluidized bed reaction
zone for introducing: oxygenate in additional “stages.” These devices 26a
and 26b may be arranged to introduce the oxygenate reagent in any

20 appropriate manner. For example, each device 26a and 26b may include
one, and preferably more, injector nozzles 27 located around the
periphery of the reactor vessel 12 for introducing the oxygenate reagent
around the vessel beriphery. As another alternative, each device 26a and
26b may include a ‘zr)nanifold or pipe grid arrangement for introducing the

25 oxygenate reagent:'at a plurality of locations in the interior of the fluidized
bed reaction zone 14 Preferably, each axial stage includes suitable
devices for introduéing the reactant at plural locations within the stage
itself. This stagewi'ée introduction of oxygenate at various multiple
locations increases selectivity to lower olefins, e.g., ethylene. Because

30 staging the feed in the manner described reduces the effective contact

time, conversion will decrease. Conversion can be maintained by



20 appropriate manner. For exanple, each device 26a and 26b may i ncl ude
one, and preferably nore, injector nozzles 27 | ocated around the periphery
of the reagt@res2s9ssel 12 for introduci ng the oxygenate regganisoi@dsesnd the
vessel periphery. As another alternative, each device 26a and 26b may
include a manifold or pipe grid arrangengnt for introducing the 25
oxygenate reagent at a plurality of locations in the interior of the
fluidized bed reaction zone 14. Preferably, each axial stage includes
suitable deyices for introducing the reactant ﬁre | ur al Iocatlons W t hin

t he stage t'@gPPs'n@rﬁaiaB/fsb@‘éW”é{ee1%t936@195??%'?‘}9 egtionQf apdiveous
mul tiple %Wﬁlﬁ%ﬁé%?'%‘ekWe&!ﬁ dr 1L 846l %Eéhaﬁx fhe ethylene.

Because 30 stagl ng t the manner described r uce e effective
contact ti mparticuizecstatyst. vAltérndEwlye,atﬂe coﬁwamscan bceaaildymdml nt a| ned by WO

01/ 62689 PCT/ USO1/ 04503 -9 increasin tal yst acti.vi

i ncreasi ng t INSCERARS MRS Y| 415U Yéﬁ,stqlt\/'g fu&%ﬁa‘ﬁﬁ[ﬁﬁseisdnt“ﬁ\ét eﬁﬂ% yst O her
ways are atively,

t he convefr55| o%lni%glr\mg p(@flﬂgsch %btmggce? gigléséee%Lg e\ﬁﬁéwwugnucéé%éé\sﬁ@sult in
further increasgersionlight olefin 5 selectivity, as olefin sel ectivity
decreases sonewhat with i ncreases in conversion. Also, if desired, another

oxygenat e reagent A'ﬁ‘t’:r'569%'(?‘3)@%'%%@(@@”3}%?%39@%'rﬂ@%?f‘d@(‘!'c&coror ar ound
the top po” Jg’nBEtptrB\ﬁdéb‘Qt%}é 6111 Elﬁe to ﬁ&i‘f?b‘ﬁ 18Rtk dlﬁ?iléécfﬁb&he
e an er

I nventi on. ena can be m Xxe prior to

i ntroduci ng t\mmomtjeﬁaﬁi@ ﬂromcthehmémtdnom 18 of the fluidi zed bed reaction
zone 14, such that these materials are introduced in a common feed stream

Al ternati¥el y, thOxiganateradopiopal dilientgande mibeskteoetheringios t@ ne
f1uidized beqntrrgé’@cthhﬁ?h Aiftertdls TND tﬁg%%o grfﬁjsto‘?ﬂ‘gé t'&lialﬁot k?éd Pé]a%tl'bnw

i ntroducti on erlals can a nozzle or
ot her devi ce Zomet14, suchdbsethicbenhatedasuareantrbduded i 4 hemfnhan ﬂ!eded bed
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fluidized bed reaction zone 14 and contacted together after their

15 introduction, or the materials can be first mixed together in a nozzle or
other device that introduces both concurrently into the fluidized bed
reaction zone 14. Any suitable mixing device and method can be used for
this introduction without departing from the invention.

If necessary; the devices 24 and 26 for introducing the oxygenate

20 and optional dilueni can be maintained under conditions ensuring the
integrity of these materials until the reactants or reagents enter the
Acatalyst bed (i.e., t‘o‘/prevent undesired side reactions, conversions, and/or
degradation of the féactants or reagents). This can be accomplished in
any suitable manner, such as by limiting residence time of the materials in

25 the introduction device or by cooling the introduction device to a
temperature that maintains the reagent or reactant under stable conditions
or by lining the injector assembly either internally or externally with
refractory or inert type material. Inasmuch as oxygenate conversion is
exothermic, heat can be removed from the reaction zone by any suitable

30 means, e.g., by immersing heat exchange surfaces with the fluidized bed

and generating steam (not shdwn). Some of the exothermic heat could



this introduction w thout departing fromthe invention. If necessary, the
devices 24 and 26 for introducing the oxygenate 20 and optional dil uent

can be mawg@iedg® under conditions ensuring the integrityydiudoesns
materials until the reactants or reagents enter the catalyst bed (i.e., to

prevent undesired side reactions, converqgons, and/or degradation of the
reactants or reagents). This can be acconplished in any suitable. manner,
such as by limting residence tine of the materials in 25 the introduction

devi b i t he jintroducti deyj t t . at .hat
et o O A B RS S 55t N BAH S g 1
| nj ect or_asseyie iF il Rwdr R ihn@in/EdbP 55AL Yoo diflehPEHEEK OF Tnert

type nmaterial. |Inasmuch as oxygenate conversion is exothermc, heat can be
renoved fromarbegenensly believedstomrisenfyompartidl pre3sumeeeffexts,angltipldy i mer si ng

heat exchange sur.faces, with the fluidi zed bed a enerating steam (not
oy Soms 1BRUHIRE bt FEHCE PBYENE AR RCtEY B SRB0 seRr ek RLRNES. 10
al so be r%mvcﬁgggﬁafer‘ﬂ)&‘fitai P,qesgg of the reactant and/or diluent as |iquid

either inthe 'Gwer zone of,in the injector zones. Because diluent effects

are general |y bel iBwverkaaoravessel 2 amdpthetreattapt edmaduetief ratesarenul ti pl e

i njection mght, enhance ethy]ene selectivity by allow ng operatjon at | ower
5 oxygenate gﬁﬁﬁ?%ﬂ‘earué@%_ﬁ @?a?ﬁé’npg%&fb %’Qggétla??t%%_‘%&éep@t@ct ant

I ntroduct i on d4h88i8h fo oi@fnﬂéaﬁtaﬁ%%Pﬂf&uc%Péé&#&!n%?agbéé HSdédrey'PPOrt A
catal yti c oxygenate conversion to olefin-contalnirg product reaction to
produce the desdueld Thiswdaction pgiudsict pesfeiably 3 madateqireé erasbbys fermgr oduced
in a gaseous form 1o and ittea?y/mdbe coll ected and recovered fromthe

reactor odt| ANSK MANbasoliee JEreuded AP reacienodietsiregmdliigat i on,
Comvers: onai SR FRTRE il peuhamn ok eohyfbggn ety || e, 00T 00
t he product subsehaenctactibriativacdfithe apyrcaarbadliguithuwivey cofiventioxalpl e, by
sel ective 15 hydrogenati on.: . L
distillation and recovery equipment. Further purification of the product
can be accomplishéd in any suitable manner, for example, by selective
15 hydrogenation.. A'
Unreacted feeds can be recycled to the fluidized bed reaction zone
14. It is generally not necessary to completely purify the recycled
oxygenate, although this can be done, if desired. Any dimethylether
product formed cér; also be recycled back to the reactor for conversion to
20 olefinic products.
In accordance with the present invention, an oxygenated feed, e.g.,
methanol, suitably with added optional diluent, is contacted with a fixed,
moving, or fluidized bed, or beds, of the above catalys’t at reaction

conditions, typically and preferably within the ranges given below:

25
Major Operating Variable
Typical Range Preferred Range
Temperature, ° C

30 250t0.650 350 to 600

Pressure, kPa
10016 1500 170 to 1150



Unreacted feeds can be recycled to the fluidized bed reaction zone 14. It
I's generally not necessary to conpletely purify the recycled oxygenate,

al though ik 5,549 be done, if desired. Any dinethylether groeichidogr med
can al so be recycled back to the reactor for conversion to 20 olefinic
products. In accordance with the presqn{ invention, an oxygenated feed,
e.g., nethanol, suitably with added op 1onal diluent, is contacted with a
fixed, noving, or fluidized bed, or beds, of the above catal yst at
reaction conditions, typically and preferably within the ranges given

bel ow. 25 Maj drio@oBate, VMgSVa(hirabl e Typi cal Range Preferred Range
Tenperature, C. 30 2801 to GO0 3FTD5t®@2600 Pressure, kPa 100t 61500 170 to
1150 WO 01/ 62689 PCT/ USOL/ 04503 -11- Flow Rate, WHSV (hr') 0.01 to 5000
0.5 to 2000 5 to obtain an effluent fromwhich the ethylene, and other
products, is recovered. The process can be conducted in the presence of
added di |uento, obtaiman effiusind from whithotheaatbigénanard othertprodactst ise nol ar ratio
of diluent to ox nate in the feed to the reactor is between about 0.01
and about 107®PYSHbse skilled in the art will be capable of adjusting the

various reaction TRALRGEIS Sarfbe cERAGEbHGRhE PretidhicBick @daer \yriLehen. viel d,
and selectivity, wusing routine experinentation. This invention relates to

novel react oe.gs)wdsogemaddfor edsederateosuch thatdbe mplaonadio afidiilient te. g. |
oLyl ene. sel et AL b FEbRPE 505 Rt O B b0

10 Those skilled in the art will be capable of adjusting the various reaction

parameters and conditions to optimize conversion, yield, and selectivity,
using routine expefihentation.

This inventic"i:n relates to novel reactor systems and processes for
improving lower oI‘éfin, e.g., ethylene, selectivity in a fluidized bed reactor.

15 The systems and processes according to the invention provide these
improved results by introducing the oxygenate into an upstream location
of the reactor system as well as at one or more locations downstream in
the reactor system, i.e., in a “stagewise manner.” Any number of
downstream “stage's” can be used for introducing the oxygenate reagent,

20 e.g., two to four downstream stages. Placing mdre than four injectors
within the reactor is technically feasible, but there will be practical limits
due to, e.g., maintenance considerations. In addition, there will be a point
of diminishing returns. As the number of injectors increases, the
incremental improy;'ement in yields decreases.

25 The fluidized beds used in the present invention can be relatively
dense, such as tuiBhlent sub-transport fiuid beds with an operating bed
density of about 200 to 700 kg/m?®, preferably about 300 to 500 kg/m°. The
use of these dense beds increases the catalyst concentration at the area
of oxygenate injection.

30 A suitable alternate fluid bed design is termed a fast fluid bed. This
is typically characterized by a bed density that is lower than that prevailing

in a dense fluid bed. Superficial gas velocities are typically greater than



i nproved results by introducing the oxygenate into an upstream /| ocation of
the reactor systemas well as at one or nore |ocations downstreamin the
react or swef@mpedo. €., in a "stagewi se manner." Any nunber pfr/usd@oiEssr eam
"stages" can be used for introducing the oxygenate reagent, 20 e.g., two to
four downstream stages. Placing nore than four injectors wthin the
reactor is technically feasible, but there will be practical limts due
to, e.g., nmintenance considerations. In addition, there will be a point

of dimnishing returns._ As the nunber of injectors increase th

i ncrenent al 1}%&@%%6&'%'5?8@%6@&%& J:“d?fdﬂﬁéeﬁ de F‘%‘iﬂ“%@?tused, in
the present ;i \ffe’ﬁ L : be relatively dense, such as turbul ent
sub-transpor"% gf ursgq@lé(?jsﬁe\(tj\jth an operating bed density of about 200 to 700

kg/ nB, preferabl Araltivert sLii2bld redddtr dyster.is dhriser tildiddfed’ heactorldndhisbeds
i ncreases the catal e%tﬁ concentration at the area of osg_genat e injection.
30 A suit abicasatheriassicat fluidizasthpdideps not existhwdathersalig qatalyst bed. Thi s

is typicall %aﬁ%@é?%ﬁ?a%f‘éjfeg%bv@efﬁgopﬁefl;httﬁetr@é‘étof §e+é€’l“ﬁ‘i alaR bhat

prevailihg "I'n a déens uperticial gas velocities are typically

greater thanesdhdérhogemeSuHRNNSOWYMICHIY solidd denSityrirsteonskr ihess | ui di zed
bed in a fast fluid bed is Jess defined than that in a dense fluid bed.
Anot her sui than abeulatQQkaksy s eashthe sHperficial gas veleritydgin exeRIS?f 6418 t hi s
case the cl m%&?rkdfl ui di zed bed does not exist but rather solid catalyst 5
particles and gas are flowed up or down the reactor vessel in a nore or

| ess honpgeneous Liguas tan bephpeted ingo kil disredatppes wf floidthed systemsi s | ess
t han about 100 kg/ n8, and the superficial gas velocity is Iin excess of 6-12

m secondd Lingntipoiedapaye. i nj ect ed into all three types of fluid bed systens
o ent oned 2004 I SE Rty o M AOLBE o b bR B e
system but rstih bf solids to the beds from the cyclone recovery system, but small
losses will occur, e.g., due to attrition. Losses can be made up by adding
catalyst to maintain catalyst inventory.
15 The olefin-containing product in the system according to the
FIGURE is collecte/d from the hydrocarbon liquid and can be further
processed, e.g., by 'condensation, compression and fractionation, as
described above. |
The following examples are provided to more fully illustrate the
20 invention and accent its advantageous features. These examples are
included to illustrate the invention and should not be construed as limiting

it in any way.

EXAMPLE 1
25 Catalytic tests were carried out with 15 g catalyst in a small fluid-
bed reactor at atmospheric pressure, 375 — 470 °C and methanol WHSVs
of 0.16-0.7 g methanol/g cat-hr. Water was used as the diluent. Pure
methano! feed was used except when diluent was present. Two catalysts
were tested: ZSM-$4 and SAPO-34. The ZSM-34 catalyst was bound with
30 a silica binder and steamed for 6 hrs at 538°C with 1 atm steam. The



| osses will occur, e.g., due to attrition. Losses can be nmade up by addi ng
catalyst to maintain catalyst inventory. 15 The ol efin-contai ning product
in the syg@icgagmeagwording to the FIGURE is collected from tpraiRedoeear bon
liquid and can be further processed, e.g., by condensation, conpression
and fractionation, as described above.43he foll ow ng exanpl es are provided
to nore fully illustrate the 20 invention and accent its advantageous
features. These exanpl es are included to illustrate the invention and

Soors v o SARAR EEELE wasb ol g SUEA A THinG pir a1 SSaa I By oF o
at mospher | ¢ _pieae8saociift 1 ARPs(Ca IR AN MMS)fmshize 1T et

met hanol / g cat - Water was used as t re anollé)?eed was
used except vvhen ad steown vieath matalgsis . wéreoery efflgjeritdn cmvertingsmemanBSM 34
and SAPO 34. ,Th M 34 catal yst .was bound with 30 a silj b er and
steamed for &9 e@’dii’c%f RIPEHCtrich 'Qﬁ&ﬂ?ﬂ“ﬁhe‘\'ﬁ@ waes nbbﬁrsg@soy 04503
-13 SAPO 34 ¢Rl4 i eaned for 8
e ot 538 coaeitnl elfe lfltisrayhcing crvBrdion B RTINS AleBE "] Ol
shown, both d’dteaéff\mt$)f\dduent/appea'sfmmeqmmnounm:mwﬁhtthe@Aﬁ@kﬁx‘noI to a

hydrocarbon product rich in light olefins. Also, water diluent had a 5
beneficial e Yston' : i mprovi ng the conversion of methanol to ethyl ene.

Th ffect of dil t 4 tal yst.
Tabl e | Catal yti ?9 (P BLEaEAY IR R BTRAE DicBanbl B Lihe TiRRnS T ©0 23
SAPO- 34 VMt er ?yst wt. % of F%%CM%JO 0 70 i eI§8_34 . % of

Water Diluent,

wt.% of Feed 0 70 0 70
Yields, Wt.% of

Methanol

Methanol 4.3 4.0 0.1 0.1
Ethylene 22.8 253 19.8 26.4
Propylene 13.0 9.7 16.7 12.4
Butenes 2.5 1.9 41 22
Other HC 3.6 5.1 4.2 2.8
Water 53.8 54.0 56.2 56.2
Total 100.0 100.0 100.0 100.0

10 The benefit of multiple injection was estimated from the data in

Table 1 for a schematic of the multiple injection arrangement shown in the
Figure. ZSM-34 data indicate that multiple injection can significantly
improve ethylene sélectivity, as shown in Table 2. Pure methanol is
introduced in all feéd injections.

15

Table 2 . Benefit for Multiple Injection with ZSM-34
Number of Injectors 0 1 2 3
C." Selec., wt.% of Methanol Conv. 228 236 241 24.4

Methanol Conversion, wt.% 95.7 89 86 84



Met hanol Methanol 4.3 4.0 0.1 0.1 Ethylene 22.8 25.3 19.8 26.4 Propyl ene
13.0 9.7 15.7 12.4 Butenes 2.5 1.9 4.1 2.2 Oher HC 3.6 5.1 4.2 2.8

Water 53. @P/Q6Pp6. 2 56.2 Total 100.0 100.0 100.0 100.0 Herhimeilogoefit of
multiple injection was estinmated fromthe data in Table 1 for a schenmatic
of the multiple injection arrangenent shgwn in the Figure. ZSM 34 data

i ndicate that nmultiple injection can significantly inprove ethylene

sel ectivity, as shown in Table 2. Pure net hanol is introduced in all feed
I njections. 15 Ta Benefit for | t IeI t|on wi th ZSM 34 Nunber
ofJ | nj ect ors 01 gh'ge Cage S’étf‘ébo '”J%t‘!’\'/%}& eWWrOEQhZhNE"ﬁo@A 1 24.4
Met hanol 9 / /5@%{, 4503 -14 The
case W|th no chlggpgr\@hgf;@rt 1Sll\ehzl?ee gﬂ%@?@g&%h@ ﬁs![?ﬁ%_ bot t ér)n grid in the
react or. Wt Iseldutimityiistémaostdiiaatdt woplkchewith Athet. %mterrtbluemerﬁr(a ivity is

| t what it | b ith 70 w.. % t dil t t tdb fit
Shoont e olastimalsd banstt ﬁquyaéwfﬁhfstv?esrséebéﬁﬁhdﬁﬂk?@ﬁgga'@ tGed
conver si o | aglecCRIR! S erSBH I CHRGSERTPCoGY oo PEFERRYHY calal yet.

activity. eed I nj ec ron Is enef|C| SAPC- 34

catal yst, as |ah@alsmg1cétabdseaatlv1fyabl e 3 Benefit for Multiple Injection with
SAPO- 34 Number of _Injectors. Q1 2 3. C Selec.,. w.%of Mthanol 19.8 22.1
23.4 24.1 Similarly, multiple feed injection is beneficial with SAPO-34

catalyst, as shqwn in Table 3.

Table 3 Benefit for Multiple Injection with SAPO-34

Number of Injectors 0 1 2 3
C. Selec., wt.% of Methanol 19.8 221 234 241
Conv.

Methano! Conversion, wt.% 99.9+ 99 o8 96

10

Ethylene selectivity improvements from using 4 feed injection zones
are 7% and 22%, respectively, for ZSM-34 and SAPQ-34 catalysts.
Enhanced ethylene selectivity is thus achieved without resorting to

15 diluents, which entail significant operating and capital costs. Again, the
estimated benefit shown in Table 3 does not include that expected from
the decreased conversion level. Conversion could be increased by

increasing catalyst activity.

20 EXAMPLE 2
In a toluene alkylat‘ion process, a feed of 1.8-2.0 toluene to methanol
molar ratio was reacted over a phosphorus-modified ZSM-5 at 0.25 overall
methanol WHSV to produce p-xylene. Multiple injection of methanol is
used to improve p-;(ylene yield and methanol utilization. Some of the

25  methanol reacts to ~form olefins. The pertinent data were examined to

determine if there Was improvement in ethylene selectivity with the



Conv. Met hanol Conversion, wt.% 99.9+ 99 98 96 10 Ethyl ene selectivity

i nprovenents fromusing 4 feed injection zones are 7% and 22%

respecti veloyoi1/chego ZSM 34 and SAPO- 34 catal ysts. Enhanced pitydog€0es03
selectivity is thus achieved without resorting to 15 diluents, which entail
significant operating and capital costsigAgain, the estinmated benefit
shown in Table 3 does not include that expected from the decreased
conversion | evel. Conversion could be i ncreased by increasing catalyst
activity. 20 EXAMPLE 2. In t.ol uene__al kyl gti.o roces feed of 1.8-2.0
tol uene to nBYRRRLPT ”}?H‘a&?‘ﬁr’@??@r%ag é%‘ﬁ&?d n(/%?"*é'ﬁﬁt??&ﬁ%' WSdi fi ed
ZSM5 at 0.2

i njection oféﬁ&%{%#\ﬁ"t?@%&ﬂghto | 'rbgsgewﬁ’ﬁém%?r&e%h%%anm
utilization. m&m@rsaﬁeametr%felmwr&haml theeeat:@rlthrcﬂghrthelbettonsgnd’ HEhger t i nent

data were exam ned to determ ne t here was i.nprovene yl ene
sel ecti vi ty FASUls @ne W@i@"ﬁﬁ‘é@!&etb eeiify Improveny é’Y'R'be% t hanol

|njectors I i i ltiple
injecti orf on &twlénﬂéégHe ec?al“?eré'o?ﬂgtl g@ﬁlggg)g? Zmlﬁa@@gt ﬁmeg]ét ors
means t he feeata(yst echnt)hmfereentt@m Tdableu@is fohmd)cﬁaouang:fltmiueffda&wth esults are
consistent with ethylene selectivity inprovenents with feed 5 dilution in
met hanol conWStRaNak to | i ght olefins over ZSM5 catalyst. The catalyst
activity referred to in Table 4 is for the reaction of toluene with

met hanol . Table 4 Ethylene Selectivity in Toluene Al kylation Over ZSM 5
Rel . Apparent CHtapley st E&ﬁyllehetS'elécﬁvﬂyN@Tdhflembﬂ-\mw‘lahohrt])mzsm -0113

C2- in Cl1-C4 Hydrocarbon, | . % 46 48 50551
Rel. Apparent Catalyst Activity 1 2.8
No. of Methanol Injectors 0 1 1 3
C." in C-C4 Hydrocarbon, wt.% 46 48 50 51
10

While the invention has been described herein in terms of various
preferred embodirh'énts, those skilled in the art will recognize that various
changes and modifications can be made without departing from the spirit

and scope of the invention, as defined in the following claims.



10 Wiile the invention has been described herein in ternms of various
preferred enbodi nents, those skilled in the art wll recognize that various
changes aw@ qididol cati ons can be made wi t hout departing f rpgyddagosasrit

and scope of the invention, as defined in the follow ng clains. WO 01/ 62689
PCT/ USO1/ 04503 -16- CLAIMS: 1. A procesggfor converting oxygenate to an

ol efin-containing product, conprising: introducing oxygenate into a
reactor systemat plural stages along 5 a flow axis of a reactor catalyst
bed; contacting said oxygenate with an oxygenate to ol efin conversion

nol ecul ar si 9@*2“@ al yst under oxygenate to ol efin conversion conditions;

and recoveri ng_anyolebickse RALGHyARR SAEnaHE S BnARRRLCBganer 1o

proportion of ethylen an a uced Troma process i ch

di ffers onl yphgductitoomiprising oxygenate at a single stage along a flow axis
of the reactor catalyst. bed. 2. The process accorgi&% to claim1l, wherein
sai d oxygenat e i sintfodusHEEXEPNRLR e RTegeilsysiam ptpiuhgl FrosR A l,

di et hyl thgrﬂongi§@fétﬁéﬁgﬁrf%?élﬁgbeqeai d reactor catal yst bed conprises a
be I'C

fluidize reaction zone incl'udes a top portion, a bottom
portion, and an tohtactivgisaiccon@dnate witktanokyyenatd teeelefinftonversigor ti on and
the bottom portion, wherein said oxygenate is introduced at a first

| ocation at BroleR4ar sigve gatalystiundes Sxyoenatartooirfin cenvarsion eaditiniset i on
zone, and at A second location in the internediate portion of the
f1uidized bef ?Ieaction zone. 3. The process according to claim2, wherein

the oxygenate is redovedingeth bkrfin-ddntainmgeproeidcawhichardnitains &f higher f | ui di zed
bed reaction zone 25 at plural locations provided at a plurality of

di f f er ent0 axPERPqstien of eHYlene thas a PRRASHPEPHGEASEPT HRrASEsE N&IEN Ui di zed bed
reaction zONQgrers only by introducing oxygenate at a single stage along a flow axis of

the reactor catalyst bed.

2. The process according to claim 1, wherein said oxygenate is
15 selected from the group consisting of methanol, dimethyl ether and |
mixtures thereof, said reactor catalyst bed comprises a fluidized bed
reaction zone which includes a top portion, a bottom portion, and an
intermediate portion extending between the top portion and the bottom
portion, wherein said oxygenate is introduced at a first location at or near
20 the bottom portion of the fluidized bed reaction zone, and at a second

location in the intermediate portion of the fluidized bed reaction zone.

3. The procéss according to claim 2, wherein the oxygenate is
introduced into the intermediate portion of the fluidized bed reaction zone
25 at plural locations provided at a plurality of different axial positions in the

intermediate portibh of the fluidized bed reaction zone.

4. The process according to claim 2, wherein the fluidized bed
reaction zone is a dense fluid bed, and the oxygenate is introduced into

30 the intermediate portion of the fluidized bed reaction zone at plural



4. The process according to claim2, wherein the fluidized bed reaction
zone is a dense fluid bed, and the oxygenate is introduced into 30 the

i nt er medi @igep1dédel on of the fluidized bed reaction zone atpcalwRodbe368

01/ 62689 PCT/ USO1/ 04503 -17 locations provided at a plurality of different
axial positions in the internmediate ppjtion of the fluidized bed reaction
zone. 5. The process according to claim1l wherein said reactor 5 systemis
selected fromthe group consisting of dense fluidized bed, fast fluidized

bed, riser or transport fluid bed, and fixed bed reactors. 6. The process
accor di ng t locatignsPeviged at A Riwiality eldifferent axial prsiionsin & a f1 ui di zed bed

fl ow reacto g s E > i j wherei n sai d oxygenate

is int rodu@ﬁ?@%@tﬁ@ﬁ@h%?ﬁ%gago% %oglr)r?%gér%t@hai(%ﬂe?he reaction zone

through a bottomgrid, and in the internediate portion of the reaction

zone t hrough in%ect ors. 15 8. The process according tQ claim7 wherein the
in

oxygenate is r odud B8 pIpcesaesaifingtosiaim 1 mdesain said 262%AE in a pl ane

Fenttor §osSiytomis 5Rad o e BRBATSRIBIo RrisB Ry bEL B 801 om

grid conpr fisidizedoes triseror dignepbadiui®bateand fiked bbd reacterss according to
claim?7 wherein said bottomgrid conprises upstreamdirected nozzles. 25

11. The process according to claim7 wherein said internediate portion
et ors o O Beet LS et AR IR L v
01/ 62689 PC3yddsfilédhiplses a fluidized bed flow reactor.
10
7. The process according to claim 2 wherein said oxygenate is
introduced directly into the bottom portion of the reaction zone through a
bottom grid, and in the intermediate portion of the reaction zone through
injectors.
15
8. The process according to claim 7 wherein the oxygenate is
introduced at a plurality of different locations in a plane perpendicular or

substantially perpendicular to the axial direction of the reactor vessel.

20 9. The process according to claim 7 wherein said bottom grid

comprises downstream directed nozzles.

10.  The process according to claim 7 wherein said bottom grid
comprises upstream directed nozzles.
25
11.  The process according to claim 7 wherein said intermediate

portion injectors are directed upstream.

12.  The prbcess according to claim 7 wherein said intermediate

30  portion injectors are directed downstream.



-18 13. The process according to any of the previous clains wherein said
catal yst conprises a nol ecul ar sieve selected fromthe group consisting of
ZK- 4, ZK-Wo amakgot € A, zeolite T, chabazite, gnelinite, adingdliolwsite,
erionite, ZSM5, ZSM1 1, ZSM 12, ZSM 23, ZSM 34, ZSM 5 35, ZSM 38, ZSM 48,
ZSM 50, rho, offretite, ferrierite, |evyge, SAPO 17, SAPO 18, SAPO 34,
SAPO 43 and SAPO-44. 14. The process according to claim5 wherein said
catal yst conprises a phosphorus-nodified m)l ecul ar sieve. 10 15. The
process according {3 ag_% of the gr evi,ous ai wher ei n at al
conprises a nol ect EVRIOCRT%2¢ C&ﬁdlﬂgéﬂ.@[ TBP%WV'EH?@ 'P"F e SM 34
and SAPG- 34. s@id cetaly $héom RpAsssa rAGieed 8t @@vb%e@ébfeaffromﬁqeo%@u pous cl ai ms
wherein said oxyge ate Introduced to said process wth a diluent. 17.
The process eonsisting of ZK—Q@(@‘, zebliteph, eaaodntsTptlmbazntwhgmhmte,sal d oxygenate

's Introduced,to Saks, BSSES Lh'd! 28 YEINLS 2488, Z8nisa Bk co-feed:
5 35, ZSM-38, ZSM-48, ZSM-50, rho, offretite, ferrierite, levyne, SAPO-17,
SAP0O-18, SAPO-34, SAPO-43 and SAPO-44.

14.  The process according to claim 5 wherein said catalyét
comprises a phosphorus-modified molecular sieve.
10
15.  The process according to any of the previous claims wherein
said catalyst comprises a molecular sieve selected from the group
consisting of ZSM-34 and SAPO-34.

15 16. The process according'to any of the previous claims wherein

said oxygenate is introduced to said process with a diluent.

17.  The process according to any of the previous claims wherein
said oxygenate is introduced to said process with minor amounts of an

20 aromatic co-feed.



