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be produced by fermentation, or from synthes:s gas derived from natural gas,
petroleum liquids, carbonaceous materials, including coal, recycled plastics,
municipal wastes, or any organic material. Because of the wide variety of sources,
alcohol, alcohol derivatives, and other oxygenates have promise as an economical,
20  non-petroleum source for olefin production.
The catalysts used to promote the conversion of oxygenates to olefins are
) molecular sieve catalysts. Because ethylene and propylene are the most sought
after products of such a reaction, research has focused on what catalysts are most
selective to ethylene and/or propylene, and on methods for increasing the
25  selectivity of the reaction to ethylene and/or propylene.
ZSM-5 was the first and most extensively studied catalyst for the
conversion of methanol to olefins. Unfortunately, ZSM-5 produces not only the
desired light olefins, but also undesired by-products. In particular, ZSM-5
produces aromatics, particularly at high methanol conversion. Catalysts are needed
30 which do not produce large amounts of unwanted by-products, such as aromatics,

methane; carbon monoxide, and hydrogen gas.
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15 under conditions effective to convert 100% of the feedstock when the reaction
zone contains at least 33 volume percent of the molecular sieve material.
Preferably, the 15 volume percent of the catalyst is distributed throughout the
reaction zone. It can be distributed as a multilayer fixed bed or in a homogeneous
fashion, including distribution as a fluidized bed or a flowing bed fashion.
20  Preferably, the 33 volume percent of the catalyst is homogeneously dispersed
throughout the reaction zone.
In a preferred embodiment the catalyst comprises a silicoaluminophosphate
selected from the group consisting of SAPO-5, SAPO-8, SAPO-11, SAPO-16,
SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36,
25 SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44, SAPO-47, SAPO-56, and
the metal substituted forms thereof. The catalyst can also include a binder materjal.
In yet another preferred embodiment, the catalyst is contacted with the
oxygenate feedstock in the reaction zone at a WHSV of from 1 hr to 1000 hr™. It
is also preferred that the oxygenate feedstock be selected from the group consisting
30 of methanol; ethanol; n-propanol; isopropanol; C,- Cy alcohols; methyl ethyl

ether; dimethyl ether; diethyl ether; di-isopropyl ether; methyl mercaptan; methy!
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10 In the conversion of oxygenates to light olefins, it is desirable to maximize
the production of ethylene and/or propylene and to minimize the production of
undesired by-products, such as methane, ethane, propane, carbon dioxide,
hydrogen gas, and C4+ matenals, including aromatics. Catalyst comprising a
silicoaluminophosphate molecular sieve 1s used in this invention to make the

15  desired products.

Silicoaluminophosphate molecular sieves are generally classified as being
microporous materials having 8, 10, or 12 membered ning structures. These ring
structures can have an average pore size ranging from about 3.5-15 angstroms.
Preferred are the small pore SAPO molecular sieves having an average pore size

20  ranging from about 3.5 to 5 angstroms, more preferably from 4.0 to 5.0 angstroms.

These pore sizes are typical of molecular sieves having 8 membered rings.

In general, silicoaluminophosphate molecular sieves compnse a molecular
framework of corner-sharing {S10;], [AlO-], and [PO] tetrahedral units. This type
of framework is effective in converting various oiygenates into olefin products.

25 The [PO,] tetrahedral units within the framework structure of the molecular
sieve of this invention can be provided by a variety of compositions. Examples of
these phosphorus-containing compositions include phosphoric acid, organic

phosphates such as triethyl phosphate, and aluminophosphates. The phosphorous-
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Substituted SAPOs can also be used in this invention. These compounds
are generally known as MeAPSOs or metal-containing silicoaluminophosphates.
The metal can be alkali metal ions (Group IA), alkaline earth metal ions (Group
IIA), rare earth ions (Group ITIB, inchuding the lanthanoid elements: lanthanum,
20 cerium, praseodymium, neodymium, samarium, europium, gadolinium, terbjum,
dysprosium, holmium, erbium, thulium, ytterbium and lutetium; and scandium or
yttrium) and the additional transition cations of Groups IVB, VB, VIB, VIIB,
VIIB, and IB.
Preferably, the Me represents atoms such as Zn, Mg, Mn, Co, Ni, Ga, Fe,
25  Ti, Zr, Ge, Sn, and Cr. These atoms can be inserted into the tetrahedral framework
through a [MeO,] tetrahedral unit. The [MeO;] tetrahedral unit carries a net
electric charge depending on the valence state of the metal substituent. When the
metal component has a valence state of +2, +3, +4, +5, or +6, the net electric
charge is -2, -1, 0, +1, and +2, respectively. Incorporation of the metal component
30 is typically accomplished adding the metal component during synthesis of the

molecular sieve. However, post-synthesis ion exchange can also be used. See, for
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sol ution. diénEaRhBEleast one template. Generally the mixture is sealed and heated, -
| 15  preferably under autogenous pressure, to a temperature of at least lOO"C,
preferably from 100-250°C, until a crystalline product is formed. Formation of the
crystalline product can take anywhere from around 2 hours to as much as 2 weeks.
In some cases, stirring or seeding with crystalline material will facilitate the
formation of the product.

] 20 Typically, the molecular sieve product will be formed in solution. It ban be
recovered by standard means, however, such as by centrifugation or filtration. The
product can also be washed, recovered by the same means and dried.

The molecular sieves may be admixed {blended) with other materials.
When blended, the resulting composition is typically referred to as a catalyst, with

25  the catalyst comprising the molecular sieve.

Materials which can be blended with the molecular sieve can be various
inert or binder materials. These materials include compositions such as kaolin and
other clays, various forms of alumina or alumina sol, titania, zirconia, quartz, sﬂica
or silica or silica sol, and mixtures thereof These components are also effective in

30  reducing overall catalyst cost, acting as a thermal sink to assist in heat shielding the

catalyst during regeneration, densifying the catalyst and increasing catalyst
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conpr i si ngnethyl suifide; methyl amine; ethyl mercaptan; diethyl sulfide; diethyl amine; ethyl
chloride; formaldehyde; dimethyl carbonate; dimethyl ketone; acetic acid; n-alkyl
amines, n-alkyl halides, n-alkyl sulfides, each having n-alkyl groups comprising
between about 3 to 10 carbon atoms; and mixtures thereof Preferred as the
20 oxygenate feedstock are methanol, dimethy! ether, and mixtures thereof.

The method of making the preferred olefin product in this invention can
include the additional step of making the oxygenate feedstock from hydrocarbons
such as oil, coal, tar sand, shale, biomass and natural gas. Methods for making the
feedstock from these compositions are known in the art. The methods include

25  fermentation of the compositions to alcohol or ether, or making synthesis gas from
the compositions, then converting the synthesis gas to alcohol or ether. Synthesis
gas can be produced using known processes such as steam reforming, autothermal
reforming and partial oxidization.

One skilled in the art will appreciate that the olefins produced by the

30 oxygenate-to-olefin conversion reaction of the present invention can be

polymerized to from polyolefins. Prozesses for forming polyolefins from olefins
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pol yol ef i n@XYBERHEBPOIEHALOPYSTHON 7EAFHRTPCT/ US00/ 16185 7 1 O DEC 2903 are known

in the art. Cat f .Gl I red are
ot al T ooene, 21 otk AhPSRIAGRCALEIPIR bbb bt Ba vepB HIEET P
subj ect ed inG rRactil A01e Mhthaht defigpdanelesylart dievealaediysnatpefiedtied proaéss r ecover ed
fromthe products of the _oxygenate-to-olefin cogversion reaction. 5

Pr ef er abl ySORdHions 9 36 Hapdpeeisidseiked plstins | be 2R BHECHRE LIRS e vapor phase

|0 areact bRt FONTHMY WLiBf ﬁgﬁ%gg%ﬂgsgégﬁn&,ﬁ%nﬁ@t gh ¥tk effective

process ¢ tI'ons so as“to pr ired olefras, 1.e., an effective
t enmper at ur emountrafsluemn, coffdfved Wepglicdlolefihy Speraatelyeihegirdgers magbe opt i onal |y,
an effective . amount of _diluent, correl a%eg toé’%Od ce olefins. Alternately,
the prbtesSarpgs opinFoiquid o5 a@xsdivapR/iayd ghsg oYPeR the RERFEIpSTTEf qui d phase.

hen the PLOGRIRe liguid Bhds® = milita LibdIfuld ikl HRER oBhivasiBheaft vapor/ | i quid

phase, difrerent conversions and selectivities of feedstock-to-product may
resul t depseiehitivitias pdfeetisteclcat-atodsict and resubaicpersimgunvdithe catglyst®nd t enper at ur e
enpl oyed in the conyversion process nmay vary over a wide 15 range dependi ng,
at |east i FE3GHPE O e sel ected catalyst. Although not linited to a

particul ar tenpeflieheratfSimpBFe InSthbcbhveP8oPPloRbdd@thy! ary BeerRIW@ESS 1S

CondUCtl.‘? d ?;nge depending, at least in part, on the selected catalyst. Although not limited to
a particular temperature, best results will be obtained if the process is conducted at
temperatures in the range of from about 200°C to about 700°C, preferably in the
range of from about 250°C to about 600°C, and most preferably in the range of
from about 300°C to about 500°C. Lower temperatures generally result in Jower

‘J 20  rates of reaction, and the formation of the desired light olefin products may become
markedly slow. However, at higher temperatures, the process may not form an
optimum amount of light olefin products, and the coking rate may become too
high.

Light olefin products will form--although not necessarily in optimum
25  amounts--at a wide range of pressures, including but not limited to autogeneous

pressures and pressures in the range of from about 0.1 kPa to about 100 MPa,. A
preferred pressure is in the range of from about 6.9 kPa to about 34 MPa, most
preferably in the range of from about 48 kPa to about 0.34 MPa. The foregoing
pressures are exclusive of diluent, if any is present, and refer to the partial pressure

30  ofthe feedstock as it relates to oxygenate compounds and/or mixtures thereof.

Pressures outside of the stated ranges may be used and are not excluded from the



tenperatures in the rangeof from about 200C to abo 700C, preferably-in
the rany@ ®f76%4om about 250C to about 600C, and nos prefpé%% e L he
range of from about 300C to about 500C. Lower tenperatures ge %t”aﬂqsy resutt
in lower 20 rates of reaction, and thegformation of the desired Iight olefin
products may become markedly slow. However, at higher tenperffdié ﬂ03t he .
process may not forman optinmm anount of |ight olefin products, and the

coking rate may fbﬁézome too high. Light olefin products will form-although

not necess&ftfeyofithe Dyetiorm Rowemaidntpper @bired,abi e of pressures,
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range of from about 4 y&%g:s[tfgl @@%ﬁ?@o.u MPa. The foregoing pressures are

excl usive of di [Theptoces§ slenyd be coxtBReNk: . refer to the partial pressure
30 of the eg%glo k as it relates to ox‘i}.ga nalcs é:fg%%m%'e’gﬁalpé?‘?‘{ﬁextures

f.e
thereof> PIreEsts elefnpeodnsint Thewsactioat aydenmngray Ve Hon4sar gAd are not
excl uded feQ@aLbbE 00475944, 8 ﬁgﬂ USOD0/ 3 6185 1 D DEC ' 2003 scope of the
i nvention. Lower and upper “extt ents  8fiqgysledime ndsralivdstemined tyfthect

sel ecti vi t yeactomiesiperaiire, gkpragsur@ e ction.rate; however, |ight
ol efins such as ethylene still may fo(r:m %@e%tgg’ctégye%&‘%ﬂbép%nti nued for

a period OVQP?I%tWhaiS%(@Wd PO V§noo) wod theelebteddesidsedeghf i n products. The
reaction cygdrgctliiigsmay vary fromtenths of seconds to a nunber of hours.
The reaction cycle tine is largely deternm ned by the reaction tenperature,

the pr¥ssure, tRewiatrahgesst wekbRCh ' \ ace velocity, the ,
phase (i qriﬁ or vapor)g,éand tbhe @Fé@%ﬁ%@é@%ﬁgﬁgn?ﬁ%ﬂﬁlﬁﬁi sti cs.
10 A wi de T5RGE" BRUrReET gieigti o catplysip Swrahe Sk dsbti asll fAEEM) in Hebidagd as wei ght

feed per hpuéntRer Mgl f | yst...for the feedstock will “function in the
present invention. T‘ﬁ?%é?ﬁ%%’fe%f’gllweéhﬁmrangéofﬁomr@ouaagé hof! t6r om about

0.01 hr * 1ahost SeB0bt 500fribly inlthe Pt #BhYatidht bhen' 2098, O LE5 N about 0.1

hr "1 to t 2000, he. .
7 agl%umos% preferacbly 1n the range of from about 1 hr ! to about 1000 hr~'. The

15 catalyst may contain other materials which act as inerts, fillers, or binders:
therefore, the WHSYV is calculated on the weight basis of oxygenate and catalyst

One or more diluents may be fed to the reaction zone with the oxygenates

such that the total feed mixture comprises diluent in a range of from about 1 mol%

and about 99 mol%. Diluents which may be employed in the process include, but

20  arenot necessarily limited 1o, helium, argon, nitrogery, carbon monoxide, carbon

dioxide, hydrogen, water, paraffins, other hydrocarbons (such as methane) j
aromatic compounds, and mixtures thereof Preferred diluents are water and

nitrogen.

To minimize the production of undesired by-products it is important to
25 reduce the catalyst concentration per unit volume, while maintaining typical
operating parameters, particularly temperature and WHSV. This can be donein a
variety of ways known to those of ordinary skill in the art. For example, in a fixed
or dense bed system, inert material can be added to the catalyst material to increase
the distance between catalyst components. The inert material can be layered with
30  the catalyst material in a manner to increase the overall average distance between

catalyst particles. However, it is preferable that the inert material be thoroughly



-and nost preferably igt he range of from about 1° "1 to about 1000 hr "'.

The 15 I may cOnhtain other materials which act as jJ f.Lllers, or
bi nders%@ﬁ%g%‘fore, the WHSV is cal cul ated on the wei ghtﬁdggdssltoﬁﬂglfggoxygenate
and catalyst. One or nore diluents y be fed to the reaction zone with the
oxygenat es, such that the total feed fi'xture conprises diluentg EC @0t ange of
fromabout | nol % and about 99 nol % Diluents which nay be enployed in the
process include, but 20 are not necessarily limted to, helium argon,

it . C. i de,. carb di pX| hyd . ffins,
Ot her Sy rBR&S DOHOBE SHERS ST R R dest Bies bbb e el 2 ur oc
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production of undesired by-products it is inportant to 25 reduce the
cat al yst coedentthattis osedpe fluwimet thy bedinEhe fibidlbed spstemsiimiludjng yipitaal  oper ati ng

par aneters articularly. tenperature and V. This.can be done in a
variety ofﬂ%&‘?g cﬁﬁ&ﬁf}betdodeﬁlﬁggéu%woétrma e SOk these Wﬂfg@eaaﬁly_te © exanple, in
a fixed oge@lgrﬁ@@stgglq(,%%ggmaﬁ]ﬁ@rsg,stm_eri al can be added to the catal yst
material to Increase he di st ance” between catal yst conponents. The inert

mat eri al can beThajedadckhohld3® ddneacoalt ialaysictivatzene edntaining Ifevuhane t o
i ncrease the over?%gplaveralge di st gnce_between  catal yst particles. However,

it is prefRFEHI & IHAP! 1 Fdalrdrge {%fffea&tlbéce FORIHTFNRD 40/ 76944
PCTI USOO' 16 &aninihdpidsfhaA0RB1dlike dewd ﬁlthleHQﬁ' Iﬁqgjéﬁﬁhtiéﬂhgrrgﬂioho provide a

honogeneous spacing of materials. In urd bed systens, the catal yst wll
be essent i zineys tepantiss zoe agthan theswgiual mhctone Whigh dherersdictiral tévaacti s used to

flui dize the bed. The fluid bed systens, .i ncl udi i ser or.. flow ng

catal O bEAESPHAYS aaf deoiaBEX oF Eneren fedient: RLabnef t fiahedat ) end to
5 be the nRstud0iRESNRUSERIGLNS bf H1EXe@MEn a FHREr sramAnhe6K3 sdaewd be
contacted in a reaction zone containing 15 volune percent or |ess of a

cat al yst n@esigr, alns isgheentirayplpmg afabetrepetior.conpri sing  si | i coal um nophosphat e
nol ecul ar si evehgrgtd%;'toatl)btailnrtlhégiss (iinve t{on t he. reaction igne is the entire
zone within t he REIFRIC PRERHDT IFHSRRTIN Tt KPR XSO0V 4 SAPECt 10 bet ween

catal yst apebduesdssmessicarofehefeeddtock haRel$s Q6lumel perdenf bxiesk Rhctfdnui d bed, the
reaction zone is the actual volunme of the bed. In a riser or flow ng bed
react of®  zone should be maintained between 80 wt% and 99 wt% at the conditions effective

to convert 100 wt% of the feedstock when the reaction zone contains at least 33
volume percent of the catalyst material. Evaluating the conversion levels at a
constant temperature and weight hourly space velocity (WHSV) operating
conditions is preferred. At constant temperature and WHSV there will typically be

! 20  acorresponding decrease in relative linear velocity of the feed at the 80-99 wt%

| conversion range relative to that at 100 wt% coversion. When the temperature and
WHSYV at the 80-99 wt% conversion range is the same as at the 100 wt%
coversion range, the relative linear velocity of the feed will be less than 1.
Preferably the relative linear velocity at constant temperature and WHSV is 0.001-

25 0.9, more preferably 0.01-0.7, most preferably 0.05-0.5.

In this invention, relative linear velocity is defined as:

feedstock rate (wt. per hour) at 80-99
wt% conversion
feedstock rate (wt. per hour) at 100 wt%
conversion

Relative Linear Velocity =



design, this is the ento«a vol unme of the reactor. Ieorder to obtain the
desi r edWsr@¢g# content, i.e., a low level of by- product ?CTﬁ%‘ﬁM?ﬁE% on of
the feedstock in the 15 volune percent or |less reaction 15 zone should be
mai nt ai ned between 80 Wt % and 99 W% gt the conditions effective to convert
100 wt % of the feedstock when the reaction zone contains at | daBDEB2] vol une
percent of the catalyst material. Evaluating the conversion levels at a
constant tenperature and wei ght hourly space velocity (WHSV) operating

condi tions i s prsfbeastn BluRanTLaRlsd AIRLALILE, ANG BV there vill

typically be 20 a corresponding decrease 1 n reée | focity of the
feed at tHdthgoglGedstPck Sowt epsipiztely aogerted] fiid Mek bPcdhpleteddontBQiopt %0
coversion. n\/j\hrent theﬁt §%8e£at.ur.% and WHSV at the 80-99 wt% conversion range ’
is the sane™S¥ B PRt Pyahepigpilicans decieass inawmywantadihy-predattsve | i near vel ocity
of the feed w lj}; ; : : f ly. t.he relatjve |linear velocity at
const ant terrperrl foéﬁegﬁ’g‘a ]&V@l%\e/u?vsmtég%gxf?%b](?’\f}u%rpgmﬁ%‘f’re]teé%@vﬁe. 01-0. 7, )
most pbef eatalysymateist itk lativalyteverdy dbwetiédihron gloat it}’ﬁéerehénmon%‘?#od ty is

defined as: Relative Lineay Velocity = feedstock rate (wt. per hour) at
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conpl et el yné ontalyst reterithiMowenak, i0fs profRIbR MatRVAS EQMN mhedPLR than of f set
by the si%?t:agri cant decrease in unwanted by-products. It 1s preferable in

this inve At PRISTAL Prehoreegraeomly Haparsadithppugheusthefreadtien Zone.aMury st
mat er ijal ftabrt i ' ' .ed t hr oughout e reaction zone in i
beefeabRt ih\éeéayaly%ﬁﬁm% eﬁéddsgpy Sz?peer elaﬁiagﬂgéﬁe%ge

order to provi dé a nor€ honopgereous ‘Hé‘?fé“by forming a
mul ti | ayepréferebly the sysenms wilt ypeatead awhitlohiing cathlysr iatdcdedigyer s of inert
solid materi al T and cat al“xﬂ) gateri al. However, it is preférable that the
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examples, which illustrate, but should not be construed as imiting the present

invention,

15
EXAMPIE 1

A sample of 5.0 cm® (approximately 2.7 grams) of the SAPO-34 catalyst, -
14 + 20 mesh in size, is mixed with 15 cm® of 3 mm quartz beads and loaded into &
3/4" outer diameter 316 stainless steel tubular reactor which is heated by a three
20 zone electric furnace. The first zone, acting as the preheating zone, vaporizes the
feed. The temperature of the center zone of the furnace is adjusted to 450°C and
the exit pressure is maintained at the ambient atmospheric pressure. The bottom
zone temperature is set high enough to ensure that the effluent from the reactor
remains in the vapor state. The reactor is first purged with nitrogen at 50 ¢m®/min
25 flow rate for 30 minutes. The feed is pure methanol. The feed is pumped into the
reactor and calibrated to give a flow rate of about 10 h! WHSV (feed rate of 2.7
g/hr.). The effluent is analyzed at pre-determined intervals by an on-line gas
chromatograph fitted with both a thermal conductivity detector and a flame

ionization detector. The following are the resulis.
30



. catalyst material be nogeneousl y di spersed thr hout the reaction zone.
Mor e 10y8hehesabl y, t catal yst i s honbgeneousl y*di sper segdr1&so/8184 Ui di zed
bed, nost preferably the systemw || operate as a fast flow ng catal yst or
riser design. The invention will be better understood with reference to the
foll owi ng exanples, which illustrate, but should not be constry8dES§I00]
limting the present invention. 15 EXAMPLE 1 A sanple of 5.0 cnB
(approximately 2.7 grans) of the SAPO 34 catal yst, - 14 + 20 mesh in size,
is mxed with 15 cnBCafveliomvfguahimlbeaddOdlid | oaded into a 3/4" outer
diameter 316 stainlegss steel tubular reactor which is heated by a three 20
zone el ectric furnactlectiMty éVt7ek zone, acting as the preheating zone,
vaporizes the feed. The rature of the center zone of the furnace is
adjusted to 450C and the exit pressure is maintained at the anbi ent
at nospheri c pressure. TheEthaid om zone tenperature is set high enough to
ensure that the effluent fromthe reactor. remains in the vapor state. The
reactof is first purged WF¥HHeRstrogen at H*cnB/min 25 flow rate for 30
m nutes. The feed is purePrrggmaanol. The f?ﬁ is punped into the reactor and
calibrated to give a flowrate of about 10 'h-' WHSV (feed rate of 2.7
g./hr.). The effluent is PmpllyAed at pre-zerernined intervals by an on-line
gas chromatograph fitted wth both a thermal conductivity detector and a
flame ionization detectofst The fol |l owi ngl@Pe the results. 30 WO 00/ 76944 0
(r) PCT/US00/ 16185 -11 5 Conversion of nethanol: 100% Selectivity (W%
Methane 2.7 Ethane 1.1 Ethylene 39.4 Propane 2.0 Propylene 38.2
‘ 10 EXAMDPIE 2

The procedures of Example 1 are repeated except that 1.0 cm®
(approxamately 0.6 grams) of the same SAP(Q-34 catalyst was used and the
adjusted feed rate to give a WHSV of 10 h™ was 0.54 g./hr., giving a calculated

relative linear velocity of 0.2. The following are the results:

15
Conversion of methanol: 94%
Selectivity (wt%)
Methane 1.9
Ethane 0.8
\ 20 | Ethylene 423
: Propane 0.9
Propylene 40.9
Ciat 13.2

25 EXAMPLES3
The procedures of Example 1 are repeated except that 0.5 cm®
(approximately 0.3 grams) of the same SAPO-34 catalyst was used and the
adjusted feed rate to give a WHSV of 10 h™* was 0.27 g./hr., giving a calculated

relative linear velocity of 0.1. The following are the results:
30



C4+ 16. G‘Plé%ﬂpﬁ% 2003 10°<ANPLE 2 The procedures of°<arrp| e 1 are repeated’
except that 15%8% cn8 (approximately 0.6 grans) of the san®CIARDOZ@SEat al yst
was used and the adjusted feed rate t%lgi ve a WHSV of 10 h-1 was 0.54
g./hr., giving a calculated relative Ymear vel oci ty of 0.2 Thrm lil]ﬁ?M ng
are the results: 15 20 Conversion of nethanol: 94% Selectivity %
Methane 1.9 Ethane 0.8 Ethylene 42.3 Propane 0.9 Propylene 40.9 C4+
13.2 25 EXAMPLE 3 Th rocedures .of Exanp 1 are repeated except that 0.5
cn8 (approxi mately g;@vﬁrrsgwﬁfen&?tg?’ngsarftgq”éAPO 34 catal yst was used and the
adjusted feed rate t@egjcﬂﬁt}a(mv of 10 h'' was 0.27 g./hr., giving a
calculated relative linear velocity of 0.1. The followng are the results:
30 WD 00176944 PCT/ USOQJ| @dghane 2 5 Converklon of nethanol: 88% Selectivity’
(M% Methane 1.7 Ethane ]':E)the?ne Et hyl ene 42()& Propane 0.7

5 Ethylene 42.1
Propane 0.7
Propylene 42.9
C.+ : 11.7
10 Persons of ordinary skill in the art will recognize that mény modifications

may be made to the present invention without departing from the spirit and scope
of the present invention. The embodiment described herein is meant to be

illustrative only and should not be taken as limiting the invention, which is defined

in the following claims.



Propyl ene 42.9 C4+ 11.7 1UDEC2003 10 Persons of ordinary skill in the an

w Il recognize that many nodifications may be nmade to the present invention
wi t hout departing fromthe spirit and scope of the present Inﬁﬁrﬁzhgﬁm The
enbodi nent described herein is nmeant to be illustrative only a d not

be taken as limting the invention, -WBich is defined in the follow ng
clains. 1 DEC 2003 -13 CLAIMS: 1. A nethod of nmaking an ol efin product from
an ox¢halMS feedstock conprising, contacting the feedstock in a reaction
zone contai ning 15 volune percent or less of a catalyst conprising a

si | i coal um hophosbRgthodfineakingan elpin produefdroraanoaysanalg feststosksi on of t he

f eed ; 9 : . it ef fecti t t 100% of
e TR R el 68 2B A B B e o R B B icent o

t he Spapdystobwpusing a silievalumhophbspheaetrhadouddr stdvaj Mdimainta@iifg BortveidkbofMRE UNE
perce

Done. PPk SeReeh aa o TP coRHGRFTastva s oo el OpGasdin fopdsacbss of ¢ he
cat al yhén th readiiér #drRWoRirshii memﬁlﬁ@{)ér@ﬁﬁ%if% SRPS riiechidPdvk! aver Tixed

bed. 4. The nmethod of claim2, wherein the 15 vol unme percent or 1ess of the
catalyst is distributed honbgeneously throughout the reaction zone. 5. The

met hod of aim wherein.the 15 vol.u rcent or |ess of the catalyst is
di stributed as aA’%}ﬂedP‘%f‘%%ﬁf%@l}? ’é’f’he’fﬂgﬁefﬁﬁ@u%" PE’icﬁli‘trﬁrj‘?SS\F&Iﬁg’feéiaﬁlﬁtShﬁ 15
vol ungistpibiiiee rofshoubhe r&ictibR@osat al yst is distributed as a flow ng bed. 7.
The met hod of claim1, wherein the at | east 33 volume percent of the

catal yst is honogeneously dispersed throughout the reaction zone. 8. The

met hod of aim L i at.al yst, c rises a binder. .9. The net hod of
claimi, wﬁjér ei njﬁhﬁ\ggeﬁrfﬁ?degfu%lglrﬁl g’i%l%/eééi}lihesﬁ%&%ﬁp??%q essgf ﬂl?ﬁat Y6h$Si sti ng
of SAREFibuteGARGughouSAR@:ALtidn z&ARE-alhultiAB el hedAPO- 18, SAPO- 20, SAPO- 31,
SAPO- 34, SAPO- 35, SAPO- 36, SAPO- 37, SAPO 40, SAPO- 41, SAPO- 42, SAPO 44,

4, The method of claim 2, wherein the 15 volume percent or less of the catalyst is

distributed homogeneously throughout the reaction zone.

5. The method of claim 4, wherein the 15 volume percent or less of the catalyst is
distributed as a fluidized bed.

6. The method of claim 4, wherein the 15 volume percent or less of the catalyst is

distributed as a flowing bed.

7. The method of claim 1, wherein the at least 33 volume percent of the catalyst is

homogeneously dispersed throughout the reaction zone.
8. The method of claim 1, wherein the catalyst comprises a binder.

9. The method of claim 1, wherein the molecular sieve is selected from the group
consisting of SAPO-5, SAPO-8, SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-
31, SAPO-34, SAPO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44,
SAPO-47, SAPO-56, metal substituted forms thereof, and mixtures thereof.



SAPO- 47, SAPO-56, netal substituted forns thereof, and m xtures thereof. 1'0
DEC 2003 -14- 10. The nethod of claim9, wherein the nolecular sieve is
selected fromthe group consisting of SAPO 18, SAPO 34, SAPO i%{{] %APO 44,
SAPO- 47, and mixtures thereof. 11. The nmethod of claim1, wherei &CRa803
catalyst is contacted wth the oxygerdte feedstock in the reaction zone at
a WHSV of from1 hf-1 to 1000 hr-'. 12. The nethod of claim1, wherein the
oxygenate feedstock is selected fromthe group consisting of nethanol;
et hanol ; n-propanol; isopropanol; C4 -C20 al cohols; nethyl ethyl ether;
di nret hyl ether; diethyl ether; di-isopropyl ether; nethyl nercaptan; nethyl

sul fide; yl 1.Nnei . r an. digthyl .sulfide; diethyl am ne;
et hyl chl rJ‘relltd(;e; f%?nlgﬁg%cﬁég%i%‘m%?’n@?%%ﬁ?heclgf’%fiﬂé‘f BEVESS ﬁgf’ﬁ?‘i?lfr%‘t%ﬁgfouﬁcet ic
aci d; cansiatikybf BAPQES, SAPA-K4;IS ATD-BHESAPO-48, BXPOSAT, hhd @SxtueRtheredfaVi NY

n-al kyl groups conprising between about 3 to 10 carbon atons; and m xtures
thereof. 13. The nethod of claim 12, wherein the oxygenate feedstock is

sel ected frgm t herh.ghaH st Iﬁﬁﬂf?' L et I’wllrg ther . and
mixtures thereof. 14. T esfrg?l}lquf »g%rgpgé[@féa o l}lscﬁogl%e& 0 léﬁjﬁtolxﬁ%enﬁ{]e a
r el at feedstackrie re readtiopizoye afa WEISV of fram 11hr'¢all000 Af'ed at a const ant

tenperature and wei ght hourly space velocity, wherein relative |inear
velocity is defined as: feedstock rate (wm. per hour) at 80-99 w%

conver si on 1Rel atfiendthiPar cIMHl DGIBeYeif the oxypendtERITUEGK s sEkeh Wom BT OU)
at 100 wt % conversion
group consisting of methanol; ethanol; n-propanel; isopropanol; C4 -Cag alcohols; methyl ethyl
ether; dimethyl ether; diethyl ether; di-isopropyl ether; methyl mercaptan; methyl sulfide; methyl
amine; ethyl mercaptan; diethyl sulfide; diethyl amine; ethyl chloride; formaldehyde; dimethyl
carbonate; dimethyl ketone; acetic acid; n-alkyl amines, n-alky] halides, n-alkyl sulfides, each

having n-alkyl groups comprising between about 3 to 10 carbon atoms; and mixtures thereof.

13. The method of claim 12, wherein the oxygenate feedstock is selected from the

group consisting of methanol, dimethyl ether, and mixtures thereof.

14. The method of claim 1, including operating at a relative linear velocity of less
than 1, calculated at a constant temperature and weight hourly space velocity, wherein relative

linear velocity is defined as:

feedstock rate (wt. per hour) at 80-99 wit% conversion

Relative Linear Velocity = -

feedstock rate (wt, per hour) at 100 wt% conversion





