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present invention relates to a single*stage process for
converting-.oxygenates such as nethanol to gasoline and distillate, or
olefins, in the presence of unidlrri€nsionat ten nmenber ring zeolites such
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r equi r econvert methanol or similar abphatic oxygenates to ||quid fuels, especlally gasoline.
However, the demand for heavier hydrocarbens has led to the development of processes
for tncreasing the yield of gascline and diesél fuel by multi-stage techniques.
Methanol is converted fo gasoline employmg Mobll Oil Corporation's MTG
(methanol to gasolme) process. The MTG process is disclosed in the patent ant,
including, for example, U. S. Pat. Nos. 3,894,103; 3,894,104; 3,804,107:; 4,035 430 and
4,058,576. U.S. Pat. No. 3,894,102 discloses the conversion of synthesis gas to gasoline.
MTO processes provide a simple means of converting syngas to high-quality gasoline.
The ZSM-5 catalyst used is highly selective to gasoline under methanol conversion
conditions, and is not known to produce distillate range fuels, because the Ciot olefin
precursors of the desired distillate are rapidly converted via hydrogen transfer to heavy
polymethylaromatics and C, to Cy Isoparaffins under methanol conversicn condiﬂoris.
. In order to make diesel fuel using ZSM-5 the MTO process was Integrated wnh
: the MOGD process. Because the conversion of methanol to diesel with zeolltes requlm-
two steps, the Fischer Tropsch process Is generally reported to be preferred for the
conversion of syngas'to distillates. |
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.two steps, the Fischer Tropsch process is generally reported to be
"preferred for the conversion of syngas'to distillates. t W 01/29152
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f eedst ocks, for producing C5+ gasoline, diesel fuel, etc. In addition to
the basic work derived from ZSM5 type zeolite catalysts, a nunber of
di scoveri es have contributed to the devel opnent of a new i ndustri al
process, known as Mobil Oefins to Gasoline/Distillate ("MOGD). This
process has significance as a safe, environnental ly acceptabl e techni que
ff)rk utili Izi n%Ré@e;gafawpmembagzmt?aidys{g@gagydrgéfﬁdﬁ&nvﬂﬁﬁggmg?ésgf tE 5
al kenes. . In U. S . and, U.S. . . 1, ank,
Rosi nski hﬁ‘f?a‘re%e‘?/@ﬂ%esa pg"é""i’lgeg%@%é% RS der P{,&‘?“Fﬁ'ggf 96*"8‘??' 8 one or in
adm xt ur fuehietda Inpaddition tothe basioweprksderived, framnZ $V45i typeczeclite datalyatsh@ns over
crystal | hifid bt Srtve Corfitilhédolufitlaelofinkiit of s R ARAMIE] priledddV ©. 31 SO
e em

contribu | rrproveq rocessi n :te,chnluﬁues to the SyS as in U S
Pat. No. knPwiess Mepi © ging fo Sasoln istijete (MOGK. Tha Pgcess has signifisancerss 27 992,
The above safdpenviromraehtally scdepiablectectmicqueiforatilizirng faédstocke tHat Borltain IdWep ! €NCeE.

Conver si | & speci ally propene and butenes, over ZSM5 Is
effectivse)lgg -?%ﬁ%ﬁ%!ﬂaﬁfﬁdsgﬁig@%f ed tenperatures and pressures. The

conversi on pr9dl8+Rat. Ng. 8,960.87hendyd.S. PatiNa. 4,021,502, BlapldRasirisid ande C5+

al i logat) i G:vﬁﬁﬁdiﬁél&%hﬁerhmddf@é% b@&ﬁﬁns Aidriefdri ﬁrﬂﬁ&@&iﬂﬁpdgmmwduced ! " gogd
yi e y_ the rocess .an e recovere s.a pr ct qQr recycled to
Uhe 1 eacTOIPESTE O BrBe; P CHAPOR SXPE PPN £ olies ARvife, Bertiolisd ety o c. <
Oper at i ngankopd et &) hpve alsa/enntribitefiiiapyoued processing ticboiquescid thelMOGE Pat .  No.

4, 445, 03gysidmy as .S, Pl NG, 4450,0630.50P8 N8 4,241,640 khd WS P&Afo,. NO- 4, 433, 185,

Tabak, orhorated herein by reference. In addition to their use as shape
sel ect i v@@é%oﬁ;ﬁ? ??XF]‘%H{’%&%C SYrEs aﬁ"f@‘:m?‘ﬁﬂﬂe 5'roty 'Z%Kﬁ’@"t ype catal ysts
are useful f Gonyensionflower dlefinbaspeciallygrepene and butenesabveriZeM-8is al cohol s or
cor r espogieicie £ bkt eltieftbitéRperkitdsi dnd! ssbr@&.‘ﬂ‘lﬁ%ﬁ j yrected to a
catal ytic process. &Wegf for c?n'})/er i n% I 8\}?5 cost net gggﬁmﬁgﬁ@g%abl e
hydr oc ar¥e ﬁguq%?aﬁhq fuels, especially 'he s+ aliphatic and aromatic hydrocarbons.

Olefinic gasoline is produced in good yield by the MOGD process and may be recovered

as a product or recycled {o the reactor system for further conversion fo distillate-range

prodt_:cls. Operating details for typical MOGD units are disclosed in U.S. Pat. No.

4,445,031, U.S. Pat. No. 4,456,779, Owen et al, and U.S. Pat. No. 4,433,185, Tabak,

incorporated herein by reference.

In addition to their use as shape selective oligomerization catalysts, the medium
pore ZSM-5 type catalysts are useful for converting methanol and other lower allph'alie
alcohols or corresponding ethers to olefins. Particular interest has been directed' toa -
catalytic process (MTO) for converting low cost methanol to valuable hydrocarbons rich in
ethene and Cy+ alkenes. Various processes are describied in U.S. Pat. No. 3,894,107
(Batter et al), U.S, Pat. No. 3,928,483 (Chang et al), U.S. Pat. No. 4,025,571'(Lago). us.
Pat. No. 4,423,274 (Daviduk et al) and U.S. Pat. No. 4,433,189 (Young), incorporated
herein by reference. It is generally known that the MTO process can be optimized to
produce a major fraction of C; to C, olefins. Prior process proposals have included a
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et hene and C9+ al kenes. Various processes are described In U S. Pat. No.
3,894,107 (Batter at al), U S. Pat. No. 3,928,483 (Chang at al), U S. Pat.
No. 4,025, SVaoydees3o), U. S. Pat. No. 4,423,274 (Daviduk e} 301?@98 U.S.

Pat. No. 4,433,189 (Young), incorporated herein by ref erence

general ly known that the MIO process can be optim zed to produce a major
fraction of C2 to C4 olefins. Prior process proposals have included a 2 WO
01/ 29152 PCT/ USQQ 28328 separation section 10 recover ethene and ot her
gases from by-product water and C5+ hydrocarbon |iquids. The
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a feed to the et%no??o cﬁern process (MTO) operates at high temperature and near 30
psig in order to obtain efficient conversion of the methanol to olefins. These process
conditions, however, produce an undesirable amount of aromatics and C; olefins and
require a large investment in plant equipment.
The olefins to gasoline and distillate process (MOGD) operates at moderate
femperatures and elevated pressures to prdduce olefinic gasoline and distillate producits.
When the conventional MTO process effluent is used as a feed to the MOGD process,
the aromatic hydrocarbons produced in the MTO unit are desirably separated and a
relatively large volume of MTO product effluent has 10 be cooled and trealed to separate
a C- Iight gas stream, which is unreactive, except for ethene which is reactive to only a
small degree, in the MOGD reactor, and the remaining hydrocérbon stream has to be
pressurized to the substantially higher pressure used in the MOGD reactor,
U.S. Patent No. 5,177,279 {o Harandi disclosés converting methanol, dimethyl
~ ether (DME) or the like to gasoline and distillate, in a continuous phcess with integration
between major process units. The methanol feed is split between two major process '



.the aromati c hydrocarbons produced In the MIO unit are desirably separated
and a relatively large volune of MIO product effluent has to be cool ed and
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sel ecti rising” oxygénate to normally liquid
boi l'i ng range Cs+ hydrocarbons in a single. :

Summary of the Invention

The present invention relates to a single step process for selectively converting a
feed comprising oxygenate to normally liquid boiling range Cs+ hydrocarbons in a single:
step which comprises '

a) contacting said feed under oxygenate conversion conditions with a catalyst
comprisihg a unidimensional 10-ring zeolite at temperatures below 350°C and oxygenate
pressures above 40 psia (276 kPa); and

b) recovering a normally quuid boiling range Cs*+ hydrocarbons-rich product

stream, .
In another embodiment, the present invention relates toa smgle step process for

selectively converling a feed comprising oxygenate to gasoline and distillate boiling range

products in a single step which comprises _
a) contacting said feed under oxygenate conversion conditions with a catalyst

comprising a unidimensional 10-member ring zeolite, e.g., one selected from the group
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step which conprises a) contacting said feed under oxygenate conversion
conditions with a catalyst conprising a unidinensional 10-ring zeolite at

t enper at ur 40BN 350C and oxygenate pressures above 40pcisdonsdzd KPa) ;
and b) recovering a normally liquid boiling range Cs+ hydrocarbons-rich _
product stream |n another enbodinent, the present Invention relates to a
single step process for selectively converting a feed conprising oxygenate
to gasoline and distillate boiling range products in a single step which
conprises a) contacting said feed under oxygenate conversion conditions
with a catalyst conprising a unidinensional 10-nenber ring zeolite, e.g.,
one sel ecionglisfingoTzZSMe22) ZSWF23, 2SNIRE) ZEMABE2SMET| 4/00H3MB2S tempétatuidsi N0 Of

ZSM 22, ZSM 23, .ASM. 35 M 4 , rderite. at tenperatures
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under oxysiectiety convertingsa feed compliisingouxygenistelto £, toCa blefihs inansinylé Sepy 2
uni di mnw@o@gﬁd ng zeollte, e.g., oné selected fromthe group
consisting o 22, ZSM 23, ZSM 35, ZSM57, ferrierite, and ZSM 48, at
t enper at ur es [9EFIYRCnG peid-feed ynderryaensle copversien oaditions withigctalyst (276 kPa) ;
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catal yst conpri srng uhrdi mehsional -r1ng zeoli'te, €., ™Wm pore
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b) recovering a-C, {0 C;; olefins-rich product stream.

Detailed Description of the Inventio
Catalysts _

The present invention utilizes a catalyst comprising unidimensional 10-ring zeolite,
i.e., medium pore zeolite having unidimensional channels cofnprising 10-member rings,
for selectively converting oxygenate-containing feeds to Cs+ hydrocarbon-rich product.
Such zeolites include ZSM-22 (U.S. Pat. No. 4,481,177), Z8M-23 (U.S. Patent No.
4,076,842), ZSM-35 (U.S. Patent No. 4,016,245), ZSM-57 (U.S. Patent No. 5.b46,685).
ferrierite, and ZEM-48 (U.S. Pat. No.-4,375,573).

In one aspect of the invention, the present invention may employ, in addition to
the unidimensional 10-ring zeolite, a catalyst which employs a medium pore size Zeclite
having "multidimensional” or "multidimensional channels”, i.e., the pores in the zeolite
forming channels which do intersect each other. Examples of such zeolites indlud_é ZSM-
5 (U.S. Pat. No. 3,702,886), ZSM-11 (U.S. Pat. No. 3,708,979), and MCM-22 (U.S. Pat.

No. 4,304,698).

In general, the weight ratio of multidimensional medium éore size zealite to
unidimensional 10-ring zeolite ranges from 0 to 20, preferably 0.1 to 10, more preferably



.for selectively converting oxygenate-containing feeds to C5+

hydr ocar bon-rich product. Such zeolites include ZSM 22 (U.S. Pat.
4,481, 17woou823 (U. S. Patent No. 4,076, 842), ZSM 35pcHuSeodssdsent No.
4,016, 245), ZSM57 (U.S. Patent No. 5,046,685), ferrierite, and ZSM 48
(U.S. Pat. No.4,375,573). In one aspect of the invention, the present

I nvention may enploy, in addition to the unidinensional 10-ring zeolite, a
catal yst which enploys a nedium pore size ieolits having
"mul tidinmensional” or "nultidi nmensional channels”, i.e., the pores In the
form ng channels which do intersect each other. Exanples of such
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treatment can be accomplished in an atmosphere of 100% steam or an atmosphere
consisting of steam and a gas which is substantially inert to the zeolite. A similar
treatment can be accomplished at lower temperatures employing ele\_rated pressure, e.g.,

t he
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at from about 350° to about 700° F (180 to 1290°C) with about 1030 kPa to about 20,600

kPa. Specific details of several steaming may be gained from the disclosures of U.S. Pat.
Nos. 4,325,994; 4,374,296; and 4,418,235, the contents of which are incorporated by

reference herein. Aside from, or in addition 1o any of the foregoing procedures, the
surface acidity of the zeolite(s) can be eliminated or reduced bytreatm'eﬁt with bﬁlky
reagenis as described in U.S, Pat. No. 4,520,221, the contenis of which are incorporated
by reference herein. '

The porous crystalline material employed in the process of the invention is
preferably a medium-pore size aluminosilicate zeclite. Medium pore zeolites are
generally defined as those having a pore size of about § to ab.out 7 Angstroms, such that

the zeolite freely sorbs molecules such as n-hexane, 3-methylpentane, benzene and p-



treatnment can be acconplished in an atnosphere of 100% steam or an

at nosphere consisting of steamand a gas which |Is substantially inert to
the zeol it evYOM/29152 | ar treatment can be acconplished at pEwgdogh@aPer at ures
enpl oying el evated pressure, e.g., at fromabout 350 to about 700 F (180
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several steam ng may be gained fromthe disclosures of U S. Pat. Nos.
4,325,994; 4,374,296; and 4,418, 235, the contents of which are incorporated
by reference herein. Aside from or in addition to any of the foregoing
procedures, the surface acidity of the zeolite(s) can be elimnated or
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al um nosi ate zeolites, other medium pore acidic netallosilicates, such
as silicoal urmwphsialplzatoésec@nféﬂa@eq hereiacaipke less than 10 niigon,prefemablyof t he

i nventi OnuesE"ir%Benbamc)bn, Mo p%@felab&ea@w RAee.04 rlohhrﬁlcﬂ:fno?‘ﬁﬁu?ﬁ‘aﬁ he invention

erably | ess

has a silica to
t han 500, "Wﬁ?‘é‘e’ﬂf'gf F’X%?KF'ZF@? 59?'%3'8%'3?7%3@ "%‘V&gp icujt, éﬂ"fﬂ’s‘?%l ites used
her ei n camelhpdk euch asi8ranrifp Eedmercrpscn‘pﬂWnlemnﬂtﬁm Eléclmncr on, nore

pref erabl y ? ﬂQ‘Eiw) 8r% dheh bséd) b3t tﬁés‘érrﬁé!hodl zﬁ:ﬁ%ﬁa@&fé nt of
crystal s :'nfrgbg of :Z:ts.galls tar(?d or ggcrhl c?ys?al measuret:(iI ues X1a¥ ge ¥equ} f ncu% to 1hree croscopy
dimensions. Estimates can be made of the effective average crystal size by. measuring
the rate of sorption of 2,2-dimethylbutane at 90EC. and 60 torr hydrocarbon pressure. -
The crystal size is computed by applying the diffusion equation given by J. Crank, The
" Mathematics of Diffusion, Oxford at the Clarendon Press, 52-56 (1957), for the rate.of
sonlbaté uptake by a solid whose diffusion prbperties can be approximated by-a plane
sheet model. In addition, the diffusion constant of 2,2-dime§hylbutane. D, under these
conditions is 1aken to be 1.5 X 10" cm®/sec. The relation between crystal size measured
in microns, d, and diffusion time measured in minutes, o3 the time required for uptake of
30% of capacity of hydrocarbon, is: d=0.0704 X to3'2. These measurements can be
made on a computer controlled, thermogravimetric electrobalance, but there are
numerous ways one skilled in the art could oblain the data. For example, larg'er crystal
material used herein can have sorption time, to3 of 497 minutes yvhich_ gives a calculated
crystal size of 1.6 microns. A sorption time for smaller crystal material 7.8 minutes yields

a calculated crystal size of 0.20 micron.



met hods such as Scanning Electron M croscopy (SEM and Transm ssion

El ectron M croscopy (TEM are often used, but these nethods require
nmeasur enewiotasisa | arge  nunber of crystal s and for eachpcaynsbdazgreasur ed,
values may be required in up to three dinensions. Estimates can be nmade of
the effective average crystal size by.nmeasuring the rate of sorption of

2, 2-di met hyl butane at 90EC. and 60 tors hydrocarbon pressure. The crystal
size is conputed by applying the diffusion equation given by J. Crank,. The
Mat hemati cs of Diffusion, Oxford at the Charendon Press, 52-56 (1957), for
the rate. of sorbate uptake by a solid whose diffusion properties can be
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conbi ne a varie to the

rial s resistan
t enper aPH}eég‘eé'?ﬁjf” BT'H‘é’ i"%ﬂ'ﬁd?‘ﬁ '@Hg%ﬁﬂf"?ﬁﬁ%' i’&&@ Or2®th material s
i ncl ude irae hatuihpoctulringclays,e.g. mmmnaams kaolit taknurbwlbg caishistrengiinof or net al

0xi des il BhduFcfmerif of éstsn?rwmonbesaﬁl.ﬁaeﬁambue x@eEUr Ting or in

the form of at1 nous prec s, | ncl Xtures of silica

and net &c.dyictien as Ug@e’ﬁ?‘”g‘%%f%fsf' F%F@ﬁﬂ'gPM*%&?'&ﬁaévmsmnge t he

conver sicrush atrehgthy bexause inicommerdldl uséit isairsisdbjesto prexénhthe cetalyst fepmmer al | y not

preferrg& kih Mﬁﬁ%p%ﬂ'ﬂeﬁ%&eﬁﬂ.tably serve as diluents to control the
of €O

anount ve sl on Iven rocess so that products can be obtai ned

econoni cal | yNatHeslly perayTing %Yf whigh % eRrrrasitedwitathe porys crystalliednt r ol 1 i ng t he
rate of nfagsialihciide the esatrmaiilenitezhd kaoiiy family, whioh familésdniclude the

subbentonites, and the kaolins commonly known as Dixie, McNamee, Georgia and
Florida clays or others in which the main mineral constituent is halloysite, kaolinite,
dickite, nacrite, or anauxite. Such clays can be used in the raw state as originally mined
or initially subjected to calcination, acid treatment or chemical modification.

In addition to the foregoing materials, the porous crystalline material can be
composited with a porous matrix material such as silica-alumina, snlica-magnesia, snlim-
zirconia, silica-thoria, silica-beryllia, snlica-mania as well as temary compositions such as
silica-alumina-thoria, silica-alumina-zirconia silica-alumina-magnesia and slllca-magnesna-
zirconia.

The relative proportions of porous crystalline material and inorganic oxide matrix
vary widely, with the content of the former rangin§ from about 1 to about 90% by weight
and more usually in the range of about 2 {o about 80 wi.% of the composite.

Preferably, the binder material comprises silica, alumina or a kaolin clay.



into naturally occurring clays, e.g., bentonite and kaolin, to inprove the
crush strength of the catalyst under commercial operating conditions. Said
mat eri al s, WOM/29153| ays, oxides, etc., function as bi ndermtiusonifs
catalyst. It is desirable to provide a catal yst having good crush strength
because In commercial-use It is desirablé to prevent the catalyst from
breaki ng down into powder-like materials. Naturally occurring clays which
can be conposited with the porous crystalline naterial include the
montnorillonite and kaolin famly, which famlies include the
subbentonites, and the kaotins commonly known as Di xi e, McNanee, Georgia

A Ny sl s S Rl s A
uac Tn 1 Ris-Fafint e Bane b ARariOanas, e 2o, ARAHEUaFimpecties B oo 1 o

cal ci nat i bindingZEM-& withea silicat birler inbelvescaml extrosior! processon. | n addition to the
(107 2001 G 0 OftlefaPous! ABidhRe Hier ) 64 LqeiineTfihd dihact B ink form (G PO |

w th a porous matrix nmaterial such as silica-alumna,, I Ca- esi a,
silica. Dvidizasthed catgiyst. cHs flidized bed catalys! maycomprise clay in thecbinder thereofas wel |
as ternar yndrfapssioired By $siRdy-difing prokéssdo finviicafalyst pamticled having a particle
silica-al %@UQOB%%& silica-al um na-magnesi a and silica-nagnesia..

r

zirconi a. at1ve proportions of porous crystalline material and
I norganic oxide matrix vary widely, with the content of the fornmer ranging
fromabout | to about 90% by weight and nore usually in.the range of about

2 to abo 80 %.0f the conposite. Preferably, the binder material
conpri seg&’gﬁﬁs\@éa_?,“d'ﬁ?'ﬁm na or a kaolin clay. 8 WD 01/29152 PCT/ US00/ 28328

Procedur es f orTheipeqeass ofghginvéntian isqueferably oarried oyt in a oioving of Biid Satalyst
d es;: ri bf%éd'@vi“-c&&ti:ﬁaﬁf&ﬁdﬂgémﬁénéﬁ%gm exﬁatngéﬁzoﬁg lﬂiadiﬁﬂ gn’%aelé?a 2 : A
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bi nder i rregdmeration.iin aturbulerit Nuidided eatalyst bied the appesrsiomieactions araicanductsd d
cat al yst i BYemeslpsdch® coliak b Padsh® h@i'ﬁﬁ&bntt\ﬂéﬁéﬁ.%vard!ﬂﬂﬂmﬁﬁmma&%mE‘d_ by a
spray- dr yi 09T QGRS gledrer Baf b6 Hed andit Vellcy st Was ubipon® © 128 Of

velocity for the average catalyst particle. A continuous process is operated by

.withdrawiﬁg a portion of coked catalyst from the reaction zone, oxidatively regenerating

the wi_thdréwn catalyst and retumning regenerated catalyst to the reaction zone st a rate to

control catalyst activity and reaction severity to effect feedstock conversion. Preferred

fluid bed reactor systems are described in Avidan et al U.S. Pat. Nos. 4,547,616; Harandi

& Owen.U.S. Pat. No. 4,751,338; and in Tabak et al U.S. Pat. No. 4,579,999, °

incorporated herein by reference. '

The use of unidi_merisional 10-ting zeolite has been found to provide excellent

selecti\)ity to distillate boiling range hydrocarbons, e.g., diesel fuel. Moreover,

unidimensional 10-ring zeolites produi:é unexpectedly small: amounts of aromatics under

the conditions of the present invention. Accord_ipgl'y. unidimensional 10-ring zéglite may

be added 1o a fluid bed methanok-to-gasoline (MTG) process for the purpose of-producing

distillate as-w_.ell as gasoline, while rédutinig aromatics content of both the gasoline an't‘i

distillate boiling range hydrocarbons produced, Addition of the catalyst can be to either



. Process Conditions' The process of the invention is preferably carried out
in a noving or fluid catalyst bed with continuous oxidative regeneration.

The ext enwofizeske | oadi ng on-the catal yst can then be pe@risodrsass! vy
controlled by varying the severity and/or the frequency of regeneration.
In a turbulent fluidized catalyst bed the conversion reactions are
conducted in a vertical reactor colum by. passing hot reactant vapor
upwardly through the reaction zone at a velocity greater than dense bed
transition velocity and I ess than transport velocity for the average
catal yst particle. A continuous process is operated by w thdrawi ng a
portion the MiGkredctorar &l spparaterreastom dnidimensicnal zeelite ysgd aleneundefiener at i ng

the wi t hgrawmiowRhpkibiire ?ifqi.a ittt fiessuROGRETGHsG s BRERIOLRY 1d Sroliligd T eact i on

zone at arateto cont al ctivil d reacgtion severity to
ef f ect fﬁéﬂﬁm‘ﬂﬁ"‘é&ﬁ%r‘??aﬁsemﬁéﬁﬁ 5°'41’§ﬁ“é’ffg @Hﬁﬁfeeg SofkSs are
described in mulpmsﬁfméprbhﬁt IrVeitioni©eanddgtediat, aampedalarrebelaw 3so@en. U. S.

Pat . 8; a et. al,

i ncor por%ffféffiﬁgfé‘feﬁnﬁg“l’é?% é‘%a% °"'ﬁ15§ ﬁgg&g %%?d?ﬁ%‘h"é?g%g?&%gsrl ng zeolite
has beenaridaiboct 340 °Q; amvoxygeneteqabssbre greslet tban 40 psig (276 kBa) préférably flomi | i ng
range hy, 10-ring
ool t e 08380 BAE Frraf Saas ol ire léferabi i 75 54 250 Y éﬁnﬁer'@*ﬁ

condi ti oﬁm’ib‘f'e‘ﬂmQ°Wé§é9ﬁvefmﬂ’t'?%ﬁee"&bﬁﬁqﬂq? Bi prefetabivfrara RS g 10 ring
zeol i te e prétérapigiied 1t@& fluid bed nmethanol -to- gasol I ne (MIG process for

the purpose C reduci ng
aromati cs coﬁ?g %3? {hg%ﬁcq%%ur%so %14 p%? rglﬁfﬁé re&oxygyln ﬁ""r ange
hydr oc arfsefeesblyan oxygensie seleeted from tog srphecwisamg/@ftm%an%élmahﬂue@m 9 WD
01/ 2915?ed?£1§i, H&i&ézﬂﬁ&ﬁ& etgbe rhiiiiure eTaRdtRdinobdndadimethyl lettie?, ih eaMbiPktion

Uni di rrens. rin I ow terrperat ure,
hi gh oxﬂff feﬁ?é&%‘ﬂ‘?’?" o'}%ﬁ‘ﬁg drﬁggp%gsesunﬂ% fre é% &'%)&dgh to Cl4
ol ef i ns aduantagesusly bdhesprpsanse eﬂCMefM$°§MW®a%#G% rapreye %Qi%ﬁVQEdst ocks.
The pr 0‘3(3%§ulﬁie bt}éh P&ﬁéﬁ\ian'cﬁﬁ'@ﬁéé 8 FecySled Q! adichan healANekhs'r € bel ow

D CE I A Y e
psi a ( 2FartHePeectignmaichlesisirgpidly.oMpreover, a Cqt olefin cofeed, e.g., oclens, improves
hydrocarbon selectivity to Cg to Cyg olefins.. Generally, 'oxygenate:olefin molar ratio can
range from 1 10-500. preferably 10 to 200, more preferably 25 fo 100. ' .
The present process can also be carried out in the presence of hydrogen and/or
added water such that the molar ratio of hydrogen and/or water to oxygenate, e.g.,
methanol, in the feed is between about 0.01 and about 10, preferably between 0.1 to 3.
The process of the invention can convert oxygenate-containing feed to Cet
hydrocarbon-rich product which has a hydrocarbon selectivity at less than 50% oxygenate
conversion of less than 30 wt.% for aromatics, greater than 40 wt.% C4-165°C bolling

range hydrocarbons (gasoline), and greater than 10 wt. % 165°C-250°C boilirlg range
hydrocarbons (distillate). Preferably at greater than 50% oxygenate conversion the Cs*
hydrocarbon-rich product has a hydrocarbon selectivity of less than 20 wt.% for .
aromatics, greater than 40 wi.% C4-165°C boiling range hydrocarbons (gascdline), and
greater than 30 wt.% 165°C-250°C boiling 'range hydrocarbons (distillate). More preferably

10



40 to 500 psia (276 to 3448 kPa), nore preferably from75 to 250 psla (517
to 1724 kP owﬂég}sa wei ght hourly space velocity of between 0.1 and 1000,
preferably TromO0.5 to 10, nore preferably from1 to 5. BERUS0RE280 t he
process conprises oxygenates, preferably Cl to C3 oxygenates. preferably
an oxygenate selected fromthe group consisting of nethanol, dinethyl
ether, ethanol, and diethylether, e.g., a mxture of nethanol and di nethyl
ether, In conbination wth other feed conponents noted bel ow. The process
may al so be conducted advantageously in the presence of Cot ol efin cofeed

which i i St . f eed
0 13 Sl Ak S S S0,

hexenes abgracahonselectivity of grastar tham40 wh%:; 1§8°G-20/€ beilingrange hysiocgdbonsur t her

reaction (sthaé)ess rapidly. Mreover, a CA+ olefin cofeed, e.g., octene,

| mproves hydrggcarho | ectivi t.o tQ Cl4 olefjns. Generally,

oxygenat e: ol ef@ﬁrqﬁg'y%ﬁﬁ%m%gesagﬁ]*\emﬁé@owﬂ%mﬁr "gé‘g,“ﬂ'ﬂ’@r ably 10 to
200, nor ecoprerkien gan gorvgrtioxyge0dte-caiteining desdite Cpr hydaarbonrickiprodudtaviialy i ed out
In the prﬁ%@mr&é&u%eaﬁm B thAF R A rErerad sma}é}%arﬁwl ar ratio

of hydrogen /or. water to 0ox nate . g, met hanol , i ted is
bet ween dﬂgﬁfrﬁ?’eﬁwaﬁtﬂmsoﬁg’sfﬂfﬁ’-Prgﬂgl?ﬁ%t ween 0.1 to 3. The process
of the i nvent iAiof terforegoing LS. paigaizund incarporataid hereln yeefdrente.C8

hydr ocar bon-rich product which has a hydrocarbon selectivity at |ess than
50% oxygenat e __ conversion of |less than 30 wt.% for aronatics, greater than
40 w . % C4- 163bepEisentiprenfionwill nay &e srose pRHVIarly desaribetwith eefierengetat er t han 10
W . % 1659%e Rb&WingExamples.r ange hydrocarbons (distillate). Preferably at
greater than 9 m%&gp lS] - r ! -Jlob product has
a hydrocar bonig%{% ect vl %%g?&{ﬂié?éﬁ%ﬁ%ﬁ% '%;B’/g{%r?l.i'?&g'rcg%ﬁt"racg'?rgr eater
than 40 AvenfiGiameisiiOB) Ry reasiRsavith il QB+ intemal qusda thermewelliand  gr eat er
t ha][l SOb}&nﬁfneBWW, $ingie-eor@ fumBgE MetHamE andosietim fééﬁsﬁ:‘cid: Weiez) . More
prefera 0, - 8328 50% oxygenat e
conver si %“_E"E‘é'v&’fl' ﬁﬁﬁ%ﬁ%ﬁ%%’ﬁ' %?oﬁ“ﬁ%““%%@ﬁ%%'ﬁ}y"a’ 3‘3&’5?{8?5 selectivity
of gr eat &9ceivrgnDitited Watsy wesprodusedinfiquee.nfesdnrsdntradysestusingansiscq tight i | | at e) .

pressure positive displacement pump obtained from Isco, Inc., Lincoln, Nebraska.

Olefins and methanol were blended in the desired molar ratio and delivered from the

pump directly to a downflow, fixed bed, reactor. The unit back-pressure was controlled

with a Grove Loader. Downstream of the Grove Loader the liquids and gases' pl"oduced

were collected and measured separately., Representative fractions of the liquid and gas

. produced were separalely analyzed using a GC equipped with a 60-m DB Wax column -
obtained from J&W Scientific Incorporated, Folsom, California and a flame ionization
detector (FID). Hexene was used as a model cofeed.

Example 1
A commercially available 100:1 (SiO2:Al;0a) ZSM-48 catalyst that was steamed at

§10°C (950°F) for 1 h, comprised of 65 wi % ZSM-48 having an alpha of about 25 and a
n-hexane sorption of 65 mg/g, was used to convert methanol at 330°C and 15 atm (1520

1



. Alternatively, the process of the invention at greater than 50% oxygenate
conversi on can convert oxygenate-containing feed to C5+ hydrocarbon-rich’
product WYDIW291Bas a hydrocarbon sel ectivity of greater PCR&IS00128328t . %
preferably greater than 30 wt.% nore preferably greater than 60 wL% f or
C to Cl4 olefins. AN of the foregoing U S. patents are incorporated herein
by reference. The present invention will now be nore particularly described
with reference to the follow ng Exanples. Experinments were conducted In a
downfl ow fi xed-bed unit In which an 18", 112" Overall Di arret er (O D.)
quartz reactor with 118" O D. Internal quartz ther centered

i nsi de akPR): Thedydepcarbop selegtivity 2t methanel genyrspions,aboye sf"é’@ﬂ%‘”?cks wer e

obt ai nedTénenbélodr i ch Cheni cal Conpany, Inc., MIwaukee, Wsconsin and used
as received. Ditilled water was produced i n- house. Feed was introduced
using angl (sﬂ%nbgl gh pressure positive displacenent punp obtained fromlsco,
I nc. Eﬁ Nebraska. O efins and net hanol were blended in the desired

mol ar rat i & cominetcieiyaveiable 109rh (BiRz:Alpagh? SM-A8 setplystitatds sleemed aty, fi xed bed,

Donst r ARGt BEE b Arasd o sk G 248 nafiflo st B SBeil s b
col | ect esthexane soption efF5yag/o,wasasgd fq:@pY@!;%m"é‘E'P\PéWW& mgthgnq;ﬁnq! @ Iiquid

and gas wf%%i. MERAmeHaR olHRRéHeFhdIar ot Gt 1204 d:mb@anmsi&.ﬁgmanp ghwi.th a 60-m
DS Wax co

ai ned fromJ Sci ntl I t
Cal i for nfie ’&'HEPcégPpéﬁlﬁdl"%?‘zc&P‘P }¢ mef ?@éf’?ﬂ" f‘i‘?"d Peﬂg\g g used as a
nodel cobetewd]. Exarrpl el Acomercially available 100:1 (Si 02: A1203) ZSM 48
catal yst thafe SR g i sed of 65 w %
ZSM 48 haviTg rption of 65 ng/g, was

used to' co e Tty JFIEaN66% MeBHT ( 152 Fedd: 90% MEORT IS
PCT/ USO0/ 2 kPa). The hydrocarbon selectivity at nrotaéeheconver ki ons
above 90% S, 'C3 PRE ons lallee 1 Del ow. Exanpl €| 8

C4165 C (Gasoline) _ 70 62
165°C-250°C (Distillste) 24 . 33
Example 3 (Comparative)

A commercially available 26:1 (SiO2:Alg0g3) ZSM-5 catalyst that is steamed at .
510°C (850°F) for 1 h, comprised of 65 wt % ZSM-5 having an alpha of about 100, a
dlffuslon parameter of 1900, and a n-hexane sorption of 65 mg/g, was used to convert
methanol at 300°C and 15 atm (1520 kPa). The hydrocarbon seleclivity at 25% methanol -
conversion is reporied in Table 2 below. '

Example 4 (Comparative)

A commercially available 26:1 (Si02:A1203) ZSM-5 catalyst that is steamed at 510°C
(éSO’F) for 1 h, comprised of 65 wt % ZSM-5 having an alpha of about 100, 3 diffuslén
parameter of 3000, and a n-hexane sorption of 65 mg/g, was used to convert a mixture of
90 wt % methanol and 10 wt % hexene (methanol:hexene molar ratio of 30:1) at 300°C
and 15 atm (1520 kPa). The hydrocarbon selectivity at 50% methanol conversion is
reported in Table 2 below. '

12



A comercially available 100:1 (Si 02Al 203) ZSM 48 catal yst that is steaned
at 510C (950F) for I h, conprised of 65 w % ZSM 48 havi ng an al pha of -
abbot 25 ar¥P829%2hexane sorption of 65 ng/g, was used t rcIoUSeGEds2® N Xture
of 90 wt % net hanol and 10 wt % hexene (.nethanol : hexene nolar ratio of
30:1) at 330C and 15 atm (1520 kPa). The hydrocarbon sel ecti vi ty at

conpl ete net hanol conversion is reported in Table.1 below Table 1-

Met hanol Conversion to Gasoline and Distillate with ZSM 48 Hydrocarbon
Selectivity Feed: 100% MeOH Feed: 90% McOH 10% Hexene C j- Hydrocar bons 6
5 C4-165 C Gasoline 70 62 165C 250C Di sti IIate 24 33 Example 3

(Corrparatlv / ZSM 5 cat al yst
that |Is steaffed wt %ZSMS havi ng

: anal Conye Cosoline 3 St i
an al pha of rgbhott—369- oS or W
sorption of ]q 'ﬁ?’&““ﬁé?‘h‘?«%"q-%ﬂb%wf t hano
kPa). The h ELE Ty B F:T‘”@—af—i“&%mmcl—

in Table 2 A Q@gparatTve) A TOTTE
(Si 02: A1203)7 [Pg TS streaned at :
conpri sed or"B‘S“WE—?‘Z'SIVFSTIaw g amn. at pna_or. apout  1too;, g drffosrom
paraneter of 31@9@2msmd‘ea@emameelmwnésmgmfhyﬂﬁcﬁaé:&aﬂaaﬁa ed to convert

o |
Pt o or PeRmefrifarotarich el AU ko e o bl el Mﬁ{; BB <er cori vi ty
at 50% ndempereluresandeleypisd pressurespBoth riméthyibenpene (FMED poddurerse b 01/ 29152
PCT/ USOO/a%Sé‘ei?ss"E%hb reXherefdrs feakiidal amafesvm%etrﬁbymmlnav@m@dalﬁlaél Ilate

Wth ZSMeﬁhgy aso .%g'r gsré %? Ipc‘aelC tchex{uitcgls m g ﬁloe convers on of me(a-'na\noloa%)th'\é‘iod_I
conditions highly undesirable. Addition of 10 wi% 1-hexene cofeed led to insignificant
changes in the product distribution.

Table 1 demonstrates that a completely novel and unexpected product dstﬁbuti'on
is obtained at these same conditions by using unidimensional 10-ring zeclite ZSM-48. _
The product is rich in C9+ olefins, napthenes, and paraffins, and contains relatively small
amounts of trimethylbenzenes and durene thus making it a suitable precursor for
conversion to diesel fuel. Furthermore, unlike the ZSM-§ base case, addition of 1-
pentene cofeed unexpectedly led to a significant increase in the seleclivity to distillate.

Example §

A commercially available 100:1 (Si02:Al203) ZSM-48 calalyst that is sieamed at
510°C (950°F) for 1 h, comprised of 65 wi % ZEM-48 having an alpha of about 25 and a
n-hexane sorption of 65 mg/g, is used to convert a mixture of 90 wt % methanol and 10
wl % octene (methanol:octene molar ratio of 30:1) at 300°C and S atm. The hydrocarbon
selectivity 1o Cq-Cyz olefins at 50% methanol conversion is 70 wt %. '

Exalﬁple 8
Equal amounts of the catalysts from examples 1 and 3 are mixed and used fo
convert a mixture of 90 wt % methanol and 10 wit % hexene {(methanol:hexene molar rafio
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. Me) 10% Hexeno (- C3 Hydrocarbons 15 Is C4-165 C (Gasoline) 65 65 TMB
and Duren* 20 20 Table 2 shows the expected selectivities to |ight

hydr ocar bmosyanmst heavy pol ynet hyl aromatics that result pti@Rbdasgconver si on
of nethanol overZSM5 at |ow tenperatures and el evated pressures. Both
trinmet hyl benzene (TMB) and durene boil above 165C and are therefore
technically distillate. These nol ecules have little value as either
gasoline, diesel, or petrochem cals, making the conversion of nethanol at
these conditions highly undesirable. Addition of 10 wt % 1- hexene cof eed
led to insignificant changes in the product distribution. Table |

denonst r ?s@ﬁ)é %b"cﬁamtﬁt mywbw@aeunwwmomaﬁammdIaswd buti on
1 O

is obtained at -these_sane c % g uni di mensi onal "10-ring

zeol | t e B9%rare wmeéwmm'eﬁr Fi? P%“grl ns, napthenes, and
paraffins, and contains reI at| veI y smal I armunt S of tri rret hyI benzenes and
dur ene t hugs iohlie:Cg ndhDistillate withZEM-557 B Mixturesel fuel .

Furthernore,_ unlike the 7SM 5 base case _additiqn aof 1. nent ene cof eed
unexpect ed|Hydrecarben Selestivityf { €8Mt3 i ncrease in tke"°¥'e?%'ﬁtq vity to
distillatd{%)Exanple 5 A comfrercially available! AL2CR) ASM 48
catal yst |Gt CsHydtecashana o; |480C (aoory for | Y1 ""”‘,9“£3d—-0-f—65—\ﬂ& %
ZSM 48 hai aspyne. ) 25 and—a—a—hexdid So+pt-ah—-ef—65-4/ g, IS
used to c( Ho of W—Oo-FBt-Heret—ar '5—}9-—\&—%-eet-eﬁe—‘
(et hanol ;ISP an o +atie 330 H—at—306C—at 1S at-r—Fhe Ry-e-eedr bon
selectivity to C8-Cl2 ol efins at 50% net hanol converS| onis 70 wt 9~b
Exanpl e 6 Equal ampunts of the catalysts fromexanples | and 3 are m xed
and used to convert a mxture of 90 wt % net hanol and 10 wt % hexene

(et hanol : hexene nolar ratio 13 WD-01/29152 PCT/ US00/ 28328 of 30:1) at
300C and 15 atm The hydrocarbon selectivity at nethanol conversions above
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90% are conpared with the results of exanple 4 In Table 3. Table 3 -
Met hanol Conversion to Gasoline and Distillate Wth ZSM 5/ ZSM 48 M xt ure

Hydr ocar bo\WORY288Ri vity ZSM 5 50% ZSM 5 yr, 50% ZSM 48 Glrafsdosdsy ocar bons
is ID C4-165 C (Gasoline) 64 60 TMB and Durene 20 15 Oher CO+ 1 15 -14
WO 01/ 29152 PCT/ USOQ 28328 CLAWS: 1. A process for selectively converting
a feed conprising oxygenate to normally 1liquid boiling range C6+
hydrocarbons in a single step which conprises a) contacting said feed under
oxygenat e conversion conditions with a catalyst conprising a

uni di nensionat 10-ring-zeolite at tenperatures bel ow 3500C and oxygenat e
pressur eCloRIMS: 40 psia (276 kPa); and b) recovering a normally liquid

boi l i ng range C5+ hydrocarbons-rich product stream 2. The process of
claiml wherein said unidinensional 10-nmenber ring zeolite is selected .

f rom t he gr oup progesis forisalgclvely Zonenting adekd mprisingoRygenalgite namalip\t 57, and

ferri er! figuig BonrVangé BEFRBrREmEHAR B gm.ﬁwmcﬁearﬁbﬁseft acting is carried
out with cat al yst i t i di nensi onal

I.um r S| Z
zeolite. 4. TRECYM q@feeé P&‘?W ORARle Sp e?i‘i Hg'ﬂ?'l?rﬂ" e gatalyste
mul ti di meampﬁmﬂ a Eﬁdiiﬂehﬁomat 10—ﬁ|®d selitecht fenperdtires below B50Canddiygenaté ZSM 5,

ZSM 11, '\@VF of claim4 wherein a weight ratio of
mul ti di nS| ona rred‘{bd’Si ore | ze zeolite to unidinensional 10-ring

zeol i te rangeb) EXSHDE FGNEE"Y'&UIWHEFWEQ*BY"WW Wrrsuet n said feed
conpri sestréam.t 0 CS oxygenates and said contacting is carried out at a
t enper at ure between about 250 and about 35M . an

2. The process of claim 1 wherein said unidimensional 10-member ring zeclite is
selected from the group consisting of ZSM-22, ZSM-23, ZSM-35, ZSM-48, ZSM-57, and
ferrierite.

3. The process of claim 2 wherein said contacting is camried out with a catalyst
comprising a medium pore size multidimensional zeolite.

4. The process of claim 3 wherein said medium pore size mulfidimensional zeolite is
selecied from the group consisting of ZSM-8, ZSM-11, and MCM-22,

5. The process of claim 4 wherein a weight ratio of multidimensional medium pore
size zeolite 1o unidimensional 10-ring zeclite ranges from 0 {o 20. :

8.  The process of claim 5, wherein said feed comprises Cq 10 C; oxygenates and sald
contacting Is carried out at a temperature between about 250° and about 350°C, an
oxygenate pressure of 40 to 500 psia (276 to 3448 kPa), and a weight hourly space
velocity from 0.5 to 10.

7. The process of claim 6, wherein said feed compnses oxygenate selected from the
group consisting of methanol, dimethyl eihar. ethanol, and daethylether and said
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. oxygenate pressure of 40 to 500 psia (276 to 3448 kPa), and a weight hourly
space velocity fromO0.5 to 10. 7. The process of claim®6, wherein said
feed conpwoesgmisxygenate selected fromthe group consi $icirigeidssiget hanol ,

di i nethyl ether, ethanol, and diethylether and said 15 *
FTETETErr12ariiiii11a Mms WO 01/ 29152 PCT/ USO0/ 28328 contacting is carried
out at a tenperature between about 275 and about 340C, an oxygenate
pressure of 75 to 250 psia (517 to 1724 kPa), and a wei ght hourly space
velocity froml to 5. 8 The process of claim7 wherein said feed conprises
CA+ olefin cofeed in an anount sufficient to.inprove selectivity to

di stil | abatabitriglis carriediogieat b yenpecaturie betveed abdit @75 arsdaboul3408C,anm 8 wher ei n

sai d cof Sidbnt {pﬁéeésgﬁesof@;swsms@g% P24 RPN LRGa \ﬁ%@ﬂﬂﬂ&uﬁgﬁ%&“ ol efin

sel ect ed om roup consistihg of pentenes, enes hept enes and
sai d f ea@lopityframmié§genate: ol efin nolar ratio ranging from10 to 200. 10.
The process of claim9 wherein said unidinensional 10-nenber ring zeolite

conpris ZSM 48, sai di,u ore.siz t i diJTENS| | zeolite conprises
2o 5, Bai o Th ipsheh o BRI Liehd pEMlsed CF SRS P enIRan, onar o

conver siamounicsulizient toyichprye stiectivity toidistilatel bojlingnange hydicethenson sel ectivity of
|l ess than 30 wt. % for aromatics, greater than 40 w.%for C4 165C boiling

range hydrocar bonssésg1 soline), and ‘g%gater than 10 wt, % for 165C-250C
boi | i ng % ang&NePCESSTISHR 8vietsin 39idgalsed Goppses g regydedc ofnaphihact or . 11. A
process comprisiig) €otalefinl selectedent the groap tersisting nfpenténes, hexempsramkde t 0 gasol i ne

and di %@B&k@ﬁ.ﬂ%@fg%mgﬁwm rhdlartrafid RAbRg FbMPI0D26, COMPri ses a)

contacting sal er oxygenate conversion conditions wth a catalyst
conprising a unidinmensional 10-menber ring zeolite selected fromthe group
consi sti10g The grobessf claml/b Adereifddidinidinieidicta) 1 miehibér rirgukofiter ri erite at

! enper algphtsed Ysii4s, 32 métilih pory 480 AufioRferRRHERRoRB YRps RoMRS ( 278 kPa);
sald oxygenate-containing feed is converted at 50% oxygenate conversion to Cgt
hydrocarbon-rich product at a hydrocarbon selectivity of less than 30 wi.% for aromatics,
greater than 40 wt.% for C+165°C boiling range hydrocairbbns (gasoline), and greater
than 10 wt. % for 165°C-250°C boiling range hydrocarbons (distillate), in a fluidized bed
reactor.

11.  Aprocess for selectively converting a feed comprising oxygenate to gasoline and
disiillaté boiling range products in a single step which comprises

a) contacling said feed under oxygenate conversion conditions with a catalyst
comprising a unidimensional 10-member ring zeolite selected from the group consisting
of ZSM-22, ZSM-23, ZSM-35, ZSM-48, ZSM-57, and ferrierite at tempefatures below
350°C and oxygenate pressures above 40 psia (276 kPa); and

b) r_ecoveﬁng a gasoline and distillate boiling range hydrocarbons-rich product
stream.

12.  The process of claim 11 wherein said contacting is caméd out with a catalyst
comprising @ medium pore size multidimensional zeolite selected from the group
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b) recovering a gasoline and distillate boiling range hydrocarbons- rich
product ‘r,&n%{}# 12. The process of claim 11l wherein said contacting is*
carried out 1¥ catal yst conprising a nmedi um pore si zBCTUSMi2gh28rensi onal
zeolite selected fromthe group 16 | 1L ELLE LEerer teeer reret ~t 1 C
L WD 01/29152 PCTI USO0/ 28328 consisting of .ZSM5, ZSM 11. and MCM 22 and a
wei ght ratio of multidinensional nediumpore size zeolite to

uni di nensional 10-ring zeolite ranges fromO to 20. 13. The process of
claim12, wherein said feed conprises C, to C3 oxygenates and said
contacting i s carried a tenperature bet about 2500 and about
350C, an °%B§é§}§’3ﬁ£?§mp§ %éghﬁea M %a’ﬁﬁ)wﬁg'i‘ts’m@@“ﬂ@“gﬁwﬂﬂba) and a

wei ght hanedium paracize zeclliow injdifhersional f-ing ztOlite fahgesTfomorie@ess of clai m 13,
wherein said feed conprises oxygenate selected from the ‘group consisting

of nethanol, dinethyl ether, ethanol, and diethylether and said contacting
I's carri d& oufTheprogeseefsiaim iz wherin said feed SOMPTISER $1 iG> XbDRMEldEME, an

oxygenat 3o cBABLD .et:arﬁéa &9 aeéiénrb%ramé%l&vebe asaaésdrPéh)a abo oacivﬁ]g ht

hourly space velocity f process claim1l erein

sai d fee&xﬂﬁﬁﬂﬁ%“@@'dpé"f?q‘? %@r@é%mr?ﬁ“%h'gﬂ)aﬁ'tﬂme‘gm URY EPRC®t 0 | npr ove
sel ect i vivelpcitydrosh 85ito @t e boiling range hydr ocar bons. 16. The process of
claim 15 wherein said cofeed conprises a recycled cut of naphtha

conprising C4+ olefin selected fromthe gr oup, consi sting of pentenes,
hexenes 4 Fes proress of flaim 13, yvheesinysaidfeed forpRnFg S Aigenaie selegtedfiom rati o

ra_ng! ng theqgrop éogsﬁﬁhg of fnetrinel, amnglsahaf etharl,"and dieMyRitRerand agrd 4

uni di nensi gn -menber rin compr medi um pore
si ze mul f’?'ﬁ?%ﬂéﬁ%ﬁrg{)"i’kﬁ'ﬁg‘p ﬁ’ﬁﬁégg "Zé%r g%ﬂ?%/t’%‘gfééﬁf’@ cont ai ni ng
feed i s oxygenate pressure ob 7501250 psiB (94700 154 kR=), andraweightdwuthyspacs +

hydr ocar hggeyitom Plogluct at a hydrocarbon sel ectivity of less than 30 wt.%

for aromatiCs, greater than 40 wL% for C4-165C boiling range hydrocarbons

(gasol i ne), and
15.  The process of claim 14 wherein said feed comprises Cy+ olefin cofeedinan .

amount sufficient to Improve selectivity to distillate boiling range hydrocarbons.

16.  The process of claim 15 wherein said cofeed comprises a recycled cut of naphtha
comprising C4+ olefin selecied from the group consisting of pentenes, hexenes and
heptenes and said feed has an oxygenate:olefin molar ratio ranging from 0 to 20.

17.  The process of claim 14 wherein said unidimensional 10-member ring zeolite
comprises ZSM-48, said medium pore size multidimensional zeolite comprises ZSM-S.
said oxygenate-containing feed is converted at less than 50% oxygenate.convers'lonto
Cs+ hyrirocarbon-rich preduct at a hydrocarbon selectivity of less than 30 wt.% for
aromalics, greater than 40 wi.% for C-165°C boiling range hydrocarbons (gasoline), and
greaier than 10 wi.% for 165°C-250°C boiling range hydrocarbons (disﬁllale)..ln a
fluidized bed reactor.



.greater than 10 wt. % for 165C-250C boi li ng range hydrocarbons (distillate),
ina fluidized bed reactor. 17 L III111/111 11111121/ € . S Il WO

01/ 29152 wapIRBsY)/ 28328 18. A process for selectively operusoiisas a feed
conpri sing oxygenate to C4 to Cl2 olefins in a single step which conprises
a) contacting said feed under oxygenate conversion conditions-with a

catal yst conprising a unidinensional 10-ring zeolite selected fromthe
group consisting of ZSM 22, ZSM 23, ZSM 35, ZSM 48, ZSM 57, and
ferrierite, at tenperatures bel ow 350C and oxygenate pressures above 40
psia (276 kPa); and b) recovering a C4 to Cl2 olefins-rich product stream
wher ei n 18ai dAfReesese bR selealively sanusaing adeed-tamprising PXyeenate do G Brconsi sting of

net hanolo|efn§jinr§egi,kyésge§h,arch céhpiges! . and diethylether and said contacting is
carried out a Faé& npi%{a gre bet weegt about . 250 g,d abgut 350C, an
oxygenat e pr Bheaffasting saidyeed uades oxypenate conversion conditionswith a catalvat \\ei ght
hourly sprapﬁsmg&ﬂ unjditngnsionzin Brifg teplitGelet@d frBhﬁhpgmpsensﬁtinglo&ZSMlS wher ei n
said fegd fo f i nprove
sel ecti V|‘ty to C§ a%hﬂhf ZS'MQ‘P aglg%rq'ﬁ"@%gg‘gg T§H%lé+'% %&V\#\ée)r ein said
uni di e RXYGSAHE Press eﬂPrwg'az(%lﬁ kRa) andonpri ses ZSM 48, sai d oxygenate
conpri ses nepjrecaveringsa Cqlicys olefims-fich produet steam. oct ane, and sai d contacting

Is carr { ut 340C, an
oxygonat Lo eftbefeoriIBEL BhLbfud ELURRLNAR I or6lp &%ﬁ:m% Peiflont  hour y
space vdimsihy sther aﬁﬁmol-t@d@lequmqrtand paid centggting js gamed\gut at a 8

temperature between about 250 and about 350°C, an oxygenate pressure of 40 to 500

psia (276 to 3448 kPa), and a weight hourly space velocity from 0.5 to 10,

19.  The process of claim 18 wherein sald feed comprises C4+ olefin cofeed in an
amount sufficient to improve selectivity to C4 to Cqa olefins.

20, The process of claim 19 wherein said unidimensional 10-member ring zeolite
comprises ZSM-48, said oxygenate comprises methanol, said C4+ olefin comprises
oclene, and said contacting is carried out at a temperature between about 275° and
about 340°C, an oxygenate pressure of 75 to 250 psia (517 to 724 kPa), and a weight
hourly space velocity from 1 to 5
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