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pressure-vel ocity conpensation factorsof*at_least 0.1 psis'hr' such that a
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be carried out at a tenperature between 300C and 500C,. a pressure between
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15  liquids; carbonaceous materials, including coal; recycled p astics; municipal

wastes; or any appropriate organic material. Because of the wide variety of
sources, alcohol, alcohol derivatives, and other oxygenates have promise as an
economical, non-petroleum source for light olefin production.

One way of producing olefins is by the catalytic conversion of methanol

20 using a silicoaluminophosphate (SAPO) molecular sieve catalyst. For example,
U.S. Patent No. 4,499,327 to Kaiser, discloses making olefins from methanol
using any of a variety of SAPO molecular sieve catalysts. The process can be
carried out at a temperature between 300°C and 500°C, a pressure between 0.1
atmosphere to 100 atmospheres, and a weight hourly space velocity (WHSV) of

25  between 0.1 and 40 hr.

It is generally desirable to make prime olefins in a reactor which operates
at a high partial pressure of feedstock, since a greater mass of feedstock can be
moved through a given reactor size/volume at a given time relative to a reactor
operating at a lower partial pressure of feedstock. Altematively, for a given mass

30 of feedstock to be processed through a reactor, the reactor size at a higher partial
pressure of feedstock will be smaller and less expensive relative to a reactor

operating at a lower partial pressure of feedstock.
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30 of feedstock to be processed through a reactor, the reactor size at a
hi gher partial pressure of feedstock will be smaller and | ess expensive
rel ative t waoweemet or operating at a | ower partial pressrorusofofs@edst ock.
WO 01/ 60770 PCT/ US01/02401 It is also desirable to operate a reactor at a
hi gher wei ght hourly space velocity (WHSV). Operating at higher WHSVs wi ||
enable the reactor volune and catalyst volune to be reduced for a given
I'evel of production. Further, it is generally desirable to operate a
reactor using a relatively low 5.proportion of diluent. As the diluent
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selectivities afmplléirﬁlyroéﬂﬁtowérlll bmcebesfpxeduqmmgadeﬁxtssn thapﬁmekillc@k aubtybepr i me

ol efins, to the pojnt ape n. ressure is
undesi rabl e. %&‘F?G ref?'rve Iﬁé’ﬁ@ re@Sﬁ?s %?“’8?3 f?'uce] eendth? ghé“’%%" gl o)
|ncreggedthe p@beds?l pressure of oxygenate to a reactor, thereby resul ting
in a ecrease of_ sel.ectivit r | ncr easing the
VHSV may result i rRGetiPesmarf %ﬁ'{/ﬁg’e‘ﬁﬁ‘t'ege Egﬁgeé,fge%gﬁ& ﬂ#lﬁ %%“ée anc‘)iper ating

par anet ers ar ewHSREdeslrelafively thev diienh@inbéntiatiorsis Cgrefobd, pattienedlys of pri ne
O herw se, the

al ternat e USSR ot e TSR R e ATL 8! BYRREBIRr s wi 11 not
exceed desi r abieqfaivoreedstaRaVeitoitonadly, iRtheprydeabteusacisomessss. | n order to
maintain d?SSI rl?lgrlegulgetxg }Jz;srtlzﬁ pr sgl{rggf g)lyggrlla?e t%%lrga%golr\\lnlfnlrl Xftén@imes have
deleterious effects on the selectivities of the reaction to desired products,
particularly prime olefins, to the point where operation beyond a certain partial
pressure is undesirable. Reductions in diluent content of the feedstock may also
increase the partial pressure of oxygenate to a reactor, thereby resulting in a
20  decrease of selectivity to prime olefins. Similarly, increasing the WHSV may
result in decreased oxygenate conversion. Therefore, operating parameters are
needed in order to maintain acceptable levels of prime olefin selectivity in
oxygenate conversion processes. Otherwise, the alternative use of oxygenate
feedstocks to produce prime olefins will not exceed desirability over conventional
25  petroleum processes.
In order to maintain desirable levels of prime olefin selectivity in
catalytically converting oxygenate to olefin product at commercial scale, this
invention provides, in one embodiment, a method for making olefin product from

an oxygenate-containing feedstock. The method comprises providing a non-

30  zeolite catalyst; and contacting the catalyst in a reactor with an oxygenate-



catalytically converting oxygenate to olefin product at conmercial scale,
this invention provides, in one enbodinment, a nethod for making olefin ~
product frwowi/gixygenat e- cont ai ni ng feedst ock. The et peflusiifb] S€s
providing a non 30 zeolite catalyst; and contacting the catalyst 1n a
reactor with an oxygenate WO 01/ 60770 PCT/US01/ 02401 -3 containing
feedstock at an oxygenate partial pressure of greater than 20 psi a,
preferably at |east 25 psia, nore preferably at least 30 Asia. It is
desirabl e that the catalyst be contacfed with the feedstock at a wei ght
hourly space velocity eater than 2 h ferably in a range of from
5 hr" to 5 100BaKNeg fe“rf’ﬁpg{b‘r"é‘f%k’%ﬂﬁ‘f“;ﬂ’?%‘a stawE@?srfeatfmﬁt%Om to 500 hr"' .
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preferably conpri sqﬁe axygtétawmmﬁg wzuﬂ&ttty?aalaawomﬁh&@ut Rfst SheeVe and a
bi nder. Desirably | i'coal um nophosphat e nol ecul ar sieve is selected from

t he group con§P§‘P?‘H§ sglectedsfiom the grsw&ﬂlrsm@el@nolsmot@-mm 17,

SAPO- 18, SAPO; AISARR: Hbthy FARD s, dSAR Sher, SARG &ier; SAPO- 40,
ARG 41, SRpo Fhrora Ly Lo SR, Aahy A Pethr, dnfiltit dther oltchy ng for ms
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particularly SAPO 3 The oxygenat e- cont ai ni ng f eedst oékK can be cont act ed
at a w de rang%ethﬁmlctféinp@h}dtemeés Preferably, the oxygenate-containing

f eedstock is cont aqt,ggonv\htontectag stsdsladﬁ’tq MB&@Q éy;a&ﬁnﬁt@% yst at 200C to

700C. 25 In an alternative enbo I ment, e ave icial velocity
i's 15  silicoaluminophosphate molecular sieve andabmder e51rably

silicoaluminophosphate 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 containing forms thereof, and mixtures

20 thereof Itis particularly desirable that the silicoaluminophosphate molecular
sieve be SAPO-34 or SAPO-18, most particularly SAPO-34. '

The oxygenate-containing feedstock can be contacted at a wide range of
temperatures. Preferably, the oxygenate-containing feedstock is contacted with
the silicoaluminophosphate catalyst at 200°C to 700°C.

25 In an alternative embodiment, the average gas superficial velocity is
maintained above a minimum level. Desirably, the oxygenate-containing
feedstock is contacted with the §ilicoaluminophosphate catalyst in a reactor at an
average gas superficial velocity of greater than 1 meter per second.

In yet another alternative embodiment, this invention provides a method

30 for operating an oxygenate to olefins reaction. The method comprises providing a

non-zeolite catalyst; providing an oxygenate-containing feedstock at an oxygen




mai nt ai ned above a m ninmum | evel. Desirably, the oxygenate-containing
feedstock is contacted with the silicoal um nophosphate catalyst in a-
react or at waoueawer age gas superficial velocity of greaterctusanozoinet er per
second. In yet another alternative enbodi nent, this invention provides a
met hod 30 for operating an oxygenate to ol efins reaction. The met hod
conprises providing a non-zeolite catalyst; providing an

oxygenat e- cont ai ni ng feedstock at an oxygen WO 01/60770 PCT/USO /02401 -4
proportion index of at |east 0.5 contacting the catal yst and the oxygenate-
contai ning feedstock i { :QF OV i the reactor
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- space vel ogoti 82.psal'hd's, however, particularly desirable to operate at a
wei ght hourly space, vel ogj.ty,of at | east hi' .. Preferably, .t process is

operated at a wei ght® cﬁﬁﬁ&"@g’ﬁgwe%tf’g°c‘?lf&%}“irﬁacf'?1%pr|93er?§§'So%h'[fcr" gar%rl#z hf' to
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i nvention al so . includes products nmade according.to t hads rovi ded.
The products iﬂ?,sl“ﬁﬂélsttﬂé’gﬁr?‘@ﬁ?f‘%yéfﬂ?&etprﬂ%od'éo ﬁ?%?ﬁagﬁ?ﬁq@r% ﬁ’j@" mggfygenate

~ reaction procegégsirabls isBloperate at fitoxdgérdavrirbpetiqar indescdfat lehstOfe prine ol efi ns

roduced. Pol yolefins are parti | arly. desi rabl i ck
Br oduced Y The oxygengte to oﬁslijms reaction process car b& Eoon%%ﬁgds oyc\e'p 2 (v:vrx]decan be

range of weight hourly space velocities. It is, however, particularly desirable to
operate at a weight hourly space velocity of at least 2 hr!. Preferably, the process
is operated at a weight hourly space velocity in the range of from 2 hrt to
1000 hr!, more preferably at a range of from 5 hr! to 500 hr'.

20 The invention also includes products made according to the methods
provided. The products include the olefin product made directly from the

- oxygenate reaction process, as well as the derivative products of the prime olefins
produced. Polyolefins are particularly desirable products which can be produced
from the prime olefins of this invention.

25 In a particularly desirably embodiment, the catalyst and the oxygenate-

" containing feedstock are contacted in the reactor and the product from the reactor
is provided at a prime olefin selectivity of at least 62 wt.%; and the partial
pressure-velocity compensation factor is maintained at a level of at least
0.1 psia'hr by controlling weight hourly space velocity and molar flow rate of

30  oxygenate to the reactor. Preferably, the product from the reactor is provided at a

prime olefin selectivity of at least 70 wt.%; and the partial pressure-velocity



fromthe prinme olefins of this invention. 25 In a particularly desirably
enbodi nent, the catal yst and the oxygenate- containing feedstock are |

cont act ed woot/hmor eactor and the product fromthe react Of'crlbfmﬂiﬁi" ded at a
prinme olefin selectivity of at |least 62 w.% and the parti

pressure-vel ocity conpensation factor is maintained at a | evel of at |east
0.1 psia hf' by controlling weight hourly space velocity and nolar flow
rate of 30 oxygenate to the reactor. freferably, t he product fromthe
reactor is provided at a prime olefin Selectivity of at least 70 wt.% and

the partial pressur MO, 01/ 6077 USO1/ 02401, -5 conpensation
factor is mai ﬁ?rﬁ?ﬁﬁ'lﬁmﬁ?&"gﬂ '%%%’f‘taﬂ‘le ate 1%%5’? C'(g apE0- [y psia jh b%y controlling
wei ght hour |y camaiimgwedight hbutlyaspakerveloeity aadmolaficy fite ngéhak&o R the
reactor. This_invention provides a nmethod for operating an oxygenate to
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used herelg ri ne. ol efi.ns ref t he. comhi nati on of et h)él ene and
n
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sum of the \Neu@mblapﬁﬁeateﬁﬁeb:ﬁﬁédnus inth®prod&d.NXL 8RE hardfh, PriMBY¥legne i n the
product stream Selectivity is defined in terns of 10 the products of the

reaction onl y™ eaﬁ%lthﬁﬁP@B'B?‘é‘H' f sthylepe and Hﬁwlﬂiel'ﬁ@ﬁpé"daﬁ‘e Thys, primsnsi der ed.

The wei ght peplegmbeleavieeisidefifed a9 theufii oL W ?%eﬂt@el@ctfvﬁ?%?' on product is
determ ned by taking the weight percent of that species in a reaction

product and &PVeRf "rﬁ‘d Prepylsye tnfhe oA Streae MF‘Q‘HW Belefingst ig terms of |

non- f eedsi@ckingpebdiesof @é ted&itin oslgesﬁ@aua&temadgtsa@mmum&u%t 15 The
oxygenate to ol efin conversion reaction is acconplished using a non-

zeol i te ol ectAngidered o ke weight pgrcent sglestiyity |6 a giver|sResigpIn asiepryion Praduett i vel y

hi gh concentrsabaeﬂmneﬁbﬁ&vggﬁ@t\@a hTBacéutghtha%e&ésuwréac&& ;ﬂ{;&g@f olefin
u5|ng areIatlvey concen%ratlon of Xy enate int eed is

provi ded by c¥Wdividing ﬁé’ygﬁlﬁﬁéﬁ‘ of $he weightaercents Pfﬁl oa-faedstockdnd semge. 20 I n one

enbodi ment, p(mdgﬁtsgggésl,ﬂtﬁ%ﬁgg,gy,logyaof at least 45 wt.% can be achieved
by controlllng nolar flow rate o enate fed to the reactor and wei ght
The oxygenate to olefin converswn reaction is accomplished using a non-

zeolite molecular sieve catalyst, with the feed comprising a relatively high
concentration of oxygenate. The high selectivity to prime olefin using a relatively
a high concentration of oxygenate in the feed is provided by controlling given
parameters within a desired range.

20 In one embodiment, prime olefin selectivity of at least 45 wt.% can be
achieved by controlling molar flow rate of oxygenate fed to the reactor and weight
hourly space velocity (WHSV). As defined herein, weight hourly space velocity
is defined as:

(weight of oxygenate fed to the reactor per hour
+

weight of reactive hydrocarbon fed to the reactor per hour)

weight of molecular sieve within the reactor

The molar flow rate of oxygenate fed to the reactor and the weight hourly
25  space velocity are to be controlled above a minimum oxygen proportion index and
a minimum partial pressure-velocity compensation factor.

The oxygenate proportion index is defined herein as:




hourly space velocity (WHSV). As defined herein, weight hourly space

vel oci.ity is defined as: (weight of oxygenate fed to the reactor per hour
wei ght of WeHd60%@ hydrocarbon fed to the reactor per hourQrusaeezght of

nol ecul ar sieve within the reactor The nolar flow rate of oxygenate fed to
the reactor and the weight hourly 25 space velocity are to be controlled
above a m ni num oxygen proportion index and a m ninum parti al

pressure-vel ocity conpensation factor. glhe oxygenate proportion index is
defined herein as: WO 01/60770 PCTIUSO /02401 6 nDIes of oxygenate fed to
the reactor per hour (noles O%%?5¥%5mm q%éeqhél gﬁgtor per hour

mol es of diluent fed to the 8 the nolar flow

rate of oxygenate fed to.the(mroee@%? yg@ﬁh‘i’efeﬁ?%mk-&%rgé}q{ow space velocity

is controlled such that the ‘oxygena prop I on ex I's maintained at a

| evel of at least 0.5, nore p&&@?&@&ﬁ}:é’nt%t%%%aa@o@el R * preferably at

|l east 0.7. 5 The partial pressure-velocity conpens actor is defined
herein as WHSV di \ﬂrggrqblgyma%mryr@{?ops wt@feeftozh@?eaeesymze at the
reactor inlet. For Urposes o vention, the partial pressure of
t he oxygenat e weightheurlespatoyelocitsins esatreligdsushthaitheexygprate prOBRMian| es of
oxygenate fee t r bis 86rabl pressure,

t hat product Pé/&dg gﬁgﬁa%?% a??(l)etgg}‘lllquphcl e gﬁﬁrr%ﬁes a%?tata'efgt?gé:}s!%étm es to the
reactor per hqudhabhwnh@ﬂévent a total pressure gradient exists in the
reactor, the total 4 hsismgprpgss.mroeny HRhGEh FREr Audiied haURas pressure in
the reactor usual 1 react or out? I'n e event of nultiple reactor
inlet |ocati orWHSthmdnd)lb)ethepﬁrtl@bwgﬁewaméthh@emenvelahfée r@atet wietj Eordet er mi ned
as the sum of h f. tes. | or per
hour, and the o? @Jegﬁgtggo?%?{ﬁgﬁ% gﬁgis&fgshedf ete&?%r% g?rtgﬁg&sum of all
the noles of sqaabe ealctlatedihd the tdtaémlttS@fDmen%a&Bd)to tpercactnomr hoprtimesr abl y,

the partial ﬁsts&l lrefgtfor gg(eXs%?en F?TDS‘fJ[ g%xc{eggg He't ot'alsrru%be gﬂggleg& allpsI a, nore

pr ef er abl y at

species to the reactor per hour. In the event a total pressure gradient ex1sts in the
reactor, the total reactor pressure is determined as the lowest pressure in the
reactor, usually at a reactor outlet. In the event of multiple reactor inlet locations,
the moles of oxygenate feed to the reactor is determined as the sum of the moles
of oxygenates to all inlets to the reactor per hour, and the total moles of all species
15 is determined as the sum of all the moles of species to all inlets to the reactor per
hour. Preferably, the partial pressure of oxygenate to the reactor is at least 20
psia, more preferably at least 25 psia, and most desirably at least 30 psia.
The partial pressure-velocity compensation factor is defined herein as
WHSYV divided by the partial pressure of the oxygenate to the reactor. Preferably,
20  the molar flow rate of oxygenate fed to the reactor and the weight hourly space
velocity are controlled such that the partial pressure-velocity compensation factor
is maintained at least 0.1 psia™hr, preferably at least 0.15 psia”hr, more
preferably at least 0.2 psia’hr”, and most desirably at least 0.5 psia’ "hr!. In
certain desirable embodiments, the reactor will be operated at a partial pressure-
25  velocity compensation factor of between 0.1 and 100 psia™hr, more preferably

between 0.15 and 50 psiahr”", and most desirably between 0.2 and 25 psiahr.



The partial pressure-velocity conpensation factor is defined herein as

VWHSV di vided by the partial pressure of the oxygenate to the reactor. o
Pr ef er abl ywoope7tthe nol ar flow rate of oxygenate fed to pEpusRAasHPr and the
wei ght hourly space velocity are controlled such that the partial _ s
pressure-vel ocity conpensation factor is maintained at least 0.1 psis'hrl,
preferably at least 0.15 psia hr', nore preferably at |least 0.2 psia"hr'“
and nost desirably at least 0.5 psia'hg’.. In certain desirable

enbodi ments, the reactor will be operated at a partial pressure 25 velocity
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between 0. 15 and 50 psia-'hr nmost desiTa etween “0. 2 and 25

psia’ hr 1. \OnmeonEeha@mialsesuo2udacity compendatisineciod zboed a minipuinne ol ef i n
sel ecti vi ty C?&CPGFMJ( é,rlq;qin%yolem#&fwi{}'o?gt ltegk?alpo%g %i ajtﬂpcraﬁ peure- Ve! ocity
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i ncl ude t hose PFEMEE B MITEE OpAPRRP NBEONPAIUAHAMPUNY 348 871,
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molecular sieve to form. Examples of such molecular sieves include those '
disclosed in U.S. Patent Nos. 4,310,440; 4,440,871; 4,500,651; 4,554,143;

4,567,029; 4,683,217, 4,684,617, 4,686,093; 4,744,970; 4,758,419; 4,935,216;

4,943,424; 4,973,785, and 5,879,655, the descriptions of which are incorporated

20  herein by reference.

Particularly prefé_rred non-zeolite molecular sieves include
silicoaluminophosphate (SAPO) molecular sieves. The SAPO molecular sieves
also include a [SiO;] tetrahedral unit in the microporous crystal framework
structure. The way Si is incorporated into the structure can be determined by #Si

25 MASNMR. See Blackwell and Patton, J. Phys. Chem., 92, 3965 (1988). The
desired SAPO molecular sieves will exhibit one or more peaks in the *Si MAS
NMR, with a chemical shift § (Si) in the .range of -88 to -96 ppm and with a
combined peak area in that range of at least 20% of the total peak area of all peaks
with a chemical shift ¥ (Si) in the range of -88 ppm to -115 ppm, where the ¢ (Si)

30 chemical shifts refer to external tetramethylsilane (TMS).




Particularly preferred non-zeolite nol ecul ar sieves include

si | i coal um nophosphate (SAPO nol ecul ar sieves. The SAPO nol ecul ar sieves

al so i ncl uO/PBI002] tetrahedral unit in the m croporouspcrysot/adsof r anewor k
structure. The way Si is incorporated into the structure can be deterni ned
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. The [AlQ;] tetrahedral units within the framework structure of the non-

zeolite molecular sieve can be provided by a variety of compositions. Examples
of these aluminum-containing compositions include aluminum alkoxides such as

20  aluminum isopropoxide, aluminum phosphates, aluminum hydroxide, sodium
aluminate, and pseudoboehmite. The aluminum-containing compositions are
mixed with reactive phosphorus-containing compositions under the appropriate
conditions to form the molecular sieve.

The [PO;] tetrahedral units within the framework structure of the non-

25  zeolite molecular sieve 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-
containing compositions are mixed with reactive aluminum-containing
compositions under the appropriate conditions to form the molecular sieve.

30 In the preferred SAPO non-zeolite molecular sieve, the [SiO-] tetrahedral

units within the framework structure can be provided by a variety of




al um nate, and pseudoboehnite. The al um num containing conpositions are
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cont ai ni ng co% %itions under the appropriate conditions to formthe
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i ncl udi ng the nt hanoi d el enents; .| ang hanu erium eodym um
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additional transitjon, cations, .0 an
Preferably, tAEPiasuL ol é‘é‘é‘ﬂ*t%b’él{“o%?%'g’cweéé“?ﬁ“d lygstiugandsgandigm ofzy” pe 15
Ti, Zr, Ge, mazmm@the aliigisRal Aaf¥iforCatioRefiGiGs I'PH, VB! VIB, WaIH, et r ahedr al

f r amewor k thro 02] tetrahedral unit. The [I\/EOZ] tetrahedral unit
carries a nef c charge depending on the val ence state of the netal

substituent. \Wen mﬁraw fle MORPREGHS atbaSsith ¥OLEME Mi, UeNDfGarBe, +3, +4,

+5, or +6, the net
15  Ti, Zr, Ge, Sn, and Cr. These atoms can be inserted into the tetrahedral

framework through a [MeQ;] 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 between -2 and +2. Incorporation of the metal component is
20 typically accomplished adding the metal component during synthesis of the
molecular sieve. However, post-synthesis ion exchange can also be used.
Suitable silicoaluminophosphate molecular sieves include 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,
25 SAPO-47, SAPO-56, the metal containing forms thereof, mixtures thereof, and
intergrowths thereof. Preferred are SAPO-18, SAPO-34, SAPO-35, SAPO-44,
and SAPO-47, particularly SAPO-18 and SAPO-34, including the metal
containing forms thereof, mixtures thereof, and intergrowths thereof. As used
herein, the term mixture is synonymous with combination and is considered a
30  composition of matter having two or more components in varying proportions,

regardless of their physical state. The term intergrowth, or intergrowths, means



electric charge is between -2 and +2. Incorporation of the netal conponent
is 20 typically acconplished adding the netal conponent during synthesis
of the nol ¥u140778¢i eve. However, post-synthesis ion exchawgasoas4al so be
used. Suitable silicoalum nophosphate nol ecul ar sieves include SAPO 5,
SAPC- 8, SAPO 11, SAPO 16, SAPO 17, SAPO 18, SAPO 20, SAPO 31, SAPO- 34,
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SAPO- 56, the nmetal containing forns thegeof, m xtures thereof, and
intergrom hs thereof. Preferred are SAPO 18, SAPO 34, SAPO 35, SAPO 44,
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. SAPO-34 as a r@r‘nﬂ%dm?&'f EF& ﬁUnezeoHt%tmch&YJﬁr SEVEWHiCh & tRMsdd Th i [rivhtlnOT
contained as part o e over al 5 crystalline structure. An
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can have Hh Arggwark dynicadly haveTunefprms apreidirpensinaeirangioa flomedboreht s wi thin the
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separ ati ons ofsematemlbﬁmOEpdm wscieSI\M@etﬂﬂamwodmed@murstymehwéewpes have
been reporte i nal.udi tailed
description 01(cjr EP‘H%%’ ‘gglé@% g%(rqdé t%ﬁﬂgépa(r?l% %%s%% §£ O%’ﬁ%lré&%lﬁ%%ﬁﬁkscp at e(gfel s found
inUS. Pat. Nbeb@ﬁgmpﬂﬂxm&hemf@mmlsonhnsnhawﬁ)rseﬁwdl ih&rBiRat.Np. ref erence in

S enti rely. PGS ah! Sftcn ARRRkHERHG by Alticle P e B o Aeere PO 18

ALPO-3 1,
ALPO structures are ALPO-5, ALPO-11, ALPO-18, ALPO-31, ALPO-34,
ALPO-36, ALPO-37, and ALPO-46.

The ALPOs can also include a metal substituent in the framework. -

Preferably, the metal is selected from the group consisting of magnesium, -

20 manganese, zinc, cobalt, and mixtures thereof. These materials preferably exhibit
adsorption, ion-exchange and/or catalytic properties similar to aluminosilicate,
aluminophosphate and silica-aluminophosphate molecular sieve compositions.
Members of this class and their preparétion are described in U.S. Pat. No.
4,567,029, incorporated herein by reference in its entirety.

25 The metal containing ALPOs have a three-dimensional microporous
crystal framework structure of MO,, AlO; and PO, tetrahedral units. These as
manufactured structures (which contain template prior to calcination) can be
represented by empirical chemical composition, on an anhydrous basis, as:

| mR: (M,ALP,)O,
30 wherein “R” represents at least one organic templating agent present in the

‘6 k2]

intracrystalline pore system; “m” represents the moles of “R” present per mole of



ALPO- 36, ALPO- 37, and ALPO 46. The ALPGs can al so include a netal
substituent in the framework. Preferably, the netal is selected fromthe
group conswelbi/sgrof magnesi um 20 manganese, zinc, cobal per/@sHedoxt ures

t hereof. These materials preferably exhibit adsorption, ion-exchange
and/or catalytic properties simlar to alumnosilicate, alum nophosphate
and silica-al um nophosphat e nol ecul ar sieve conpositions. Mnbers of this
class and their preparation are descrlpled in US. Pat. No. 4,567,029,

i ncorporated herein by reference in its entirety. 25 The nmetal contai ning
ALPCs have a t C | f structure of
M2, Al102 and (%g?F gpng,ghs (rggﬁlldﬁg}nfﬁgﬂ%ﬁgiOg‘s&é/%%u u"{?ﬁr?\é@ &% hrct&%: ures -
(whi ch cont ai rdepmdpigatpen preinolecutar dmbensine ofehe) templatiigeagenequdelent ed by
enpirical chenic on anhydr ou asi as: nR (MXAl yPZ) 02
30 wherein " Rav?lza}eevsoen oslu%? ﬂe%g?rcg%sée%?ytg?l?arafuz 44 ng agent present in
the i ntracryshahinophesghatedn®phsdein’, “yif arrdé‘p’reptemtﬁehmmﬁhc&ﬁmoéfthR pr esent

per nole of. WO ]1/“?,&70 PCTI USQI / 02401 - l\/é A& é’i'ﬁ%oz and has a val ue of.
fromzero to 6% the ‘ﬁa&?ﬁ&ﬂ&?ﬁ“@aﬁﬂ%ﬁaﬂﬁfeeﬂ%%a" &% 'REP 0% upon the
nmol ecul ar di mphesphosisakspettivelycpigbent astgtrahgénal oxaded. t he avail abl e void vol une

Py and w oo Y epr odBmelheHinie ALBDs BB emgg Rt B SRl B o, °T
magnesi um I rrar}gam.eAlsaixmmoWsemhﬂlfett)xe madaumaﬁmwﬂpphﬁ&phor us, o
respectively, present as tetr ra 01 The neta i ALPCs are
sorrgti mes rgf é'?"fgéﬁ“‘l'% ?a?%"@g?‘% 'e r’\?e‘}&ﬁ@mvﬂsg'(?% Ff"‘fﬁ% @r}t}gges wher e

the netal 1oMe'MnAPO Grd COAPD aietapplied td thermgipeﬁmdimwhidhe:oaﬁhmwn MAPO i s
applied to the conpositi on Simlarl MIAPO and CoAPO are applied

Yo, ZAPQ,
to the conposi'ti"§ S‘Wﬂdc"ﬁ ASRPEFY e nte 'deméﬁr’f@é‘?é‘sémﬂm‘é%?f’?‘ ®t espectivel y.
To identify tlwhichahalews eath sfeheyubgensfieclasses MAROC EARBK€oAPOa@adh of the

subgeneric cl ass MAPO, ZAPO, Co ecies is assigned a
unmer and s MR EHERCAryS SEIADF BUmBE ShO AT AR TTRIS 280 AP0. 34 and
so forth. ZAPO-5, MAPO-11, CoAPO-34 and so forth. :

15 . The non-zeolite molecular sieves are synthesized by conventional

hydrothermal crystallization methods. A reaction mixture is formed by mixing
together reactive aluminum and phosphorus components, and opfionally reactive
silicon or other reactive metal components, along with at least one template.
Generally the mixture is sealed and heated, preferably under autogenous pfessure,
20 to atemperature of at least 100°C, preferably from 100-250°C, -until a crystalline
product is formed. Formation of the crystﬁlline 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. .
Typically, the molecular sieve product will be formed in solution. It can
25  be recovered by standard means, such as by centrifugation or filtration. The
product can also be washed, recovered by the same means and dried.
As aresult of the crystallization process, the recovered sieve contains
within its pores at least a portion of the template used in making the initial
reaction mixture. The crystalline structure essentially wraps around the template,

30 and the template must be removed so that the molecular sieve can exhibit catalytic
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. The reaction mixture can contain one or more templates. Templates are
structure directing or structure affecting agents, and typically contain nitrogen,
phosphorus, oxygen, carbon, hydrogen or a combination thereof, and can also
20  contain at least one alkyl or aryl group, with 1 to 8 carbons being present in the
alkyl or aryl group. Mixtures of two or more templates can produce mixtures of
different sieves or predominantly one sieve where one template is more strongly
directing than another.
Representative templates include tetraethyl ammonium salts,
25 cyclopentylamine, aminomethyl cyclohexane, piperidine, triethylamine,
cyclohexylamine, tri-ethyl hydroxyethylamine, morpholine, dipropylamine
(DPA), pyridine, isopropylamine and combinations thereof. Preferred templates
are triethylamine, cyclohexylamine, piperidine, pyridine, isopropylamine,
tetraecthyl ammonium salts, dipropylamine, and mixtures thereof. - The
30 tetracthylammonium salts include tetraethyl ammonium hydroxide (TEAOH),

tetraethyl ammonium phosphate, tetraethyl ammonium fluoride, tetraethyl



smal l er tenplates, conplete or partial renoval fromthe sieve can be 15
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pi peridine, pyridine, isopropylamne, tetraethyl anmonium salts,

di pr opyl ant necomiprtionsef ipmalateh cFor grampie dn 8 gartigariepmRiprrad ABbedimeRal t s

i ncl ude tet raﬁ.tefsxslpmiewwmewgrn%béem(eﬁ ,tem;slate ca@bi¥tiondgTTONI UM
phosphate, tetraethyl ammoniumfluoride, tetraethyl WO 01/60770

PCT/ USOL/ 0240TEAOHand dipsenyiamng r B ermbinagion ssviesin a pasiswiatiyAesrblei de,
tetraethyl angRpbYRAEREGH ke conE’érﬁBﬁBf&@g&rﬁ%e@ qﬁhtmlar@mmnumnaal ts are
tetraethyl amyoni um hydroxide and tetraethyl anmonium phosphate. The SAPO
nol ecul ar si edimethy} etherytodightaplefins sughrasethyleae ?"Q:IHHPX’@JTCI ed using 5

conbi nati ggis of tef@'sﬁk@zﬁumﬁ%ﬁho%ﬁlﬁ%@leedm sﬁsv@?srt%ﬁ Edtlyaldhnyxear ef erred
enbodi ment, the SAPO nol ecul ar sieve i s nmanufac u3|ng a tenplate
conbi nati on ofblenged)@rithnther aatsrialsy When hlendepnthe f%h‘lﬂg ﬁ&!‘PQﬁ#‘qﬂé%ul ts in a
particularly Fefr Jifl tht BRaIGQ RGPS e S ABEY genat es,
particularly %Qﬂg}ﬁ%e g%(?ﬁaglsﬁrg@h%ggs?her ‘ tgﬁalgg ht g e"gl.ltnsfssuch as
ethyl ene and pelspylarsieve. 10 The S|I|coalun1nophosphate nmol ecul ar sieve is

typically adm-xed Mét@.l.aﬁp\mﬂ i G bIQIBe it RleShd1adufar sPELNY5006H. the

resul ting conpositi
15 inertor catalytxcally active materials, or various binder materials. These materials

include compositions such as kaolin and other clays, various forms of rare earth
metals, metal oxides, other non-zeolite catalyst components, zeolite catalyst
components, alumina or alumina sol, titania, zirconia, magnesia, thoria, beryllia,
quartz, silica or silica or silica sol, and mixtures thereof. - These components are
20  also effective in reducing, inter alia, overall catalyst cost, acting as a thermal sink
to assist in heat shielding the catalyst during regeneration, densifying the catalyst
and increasing catalyst strength. It is particularly desirable that the inert materials
that are used in the catalyst to act as a thermal sink have a heat capacjty of from
0.05 to 1 cal/g-°C, more preferably from 0.1 to 0.8 cal/g-°C, most preferably from
25 0.1to00.5 cal/g-°C.

Additiona! olefin-forming molecular sieve materials can be included as a
part of the SAPO catalyst composition or as separate molecular sieve catalysts in
admixture with the SAPO catalyst if desired. Structural types of small pore
molecular sieves that are suitable for use in this invention include AEI, AFT,

30 APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA, CHI, DAC, DDR, ED], ER],
GOO, KFI, LEV, LOV, LTA, MON, PAU, PHI, RHO, ROG, THO, and



typically referred to as a SAPO catal yst, with the catal yst conprising the
SAPO .nol ecul ar sieve. Materials which can be blended with the nol ecul ar

si eve can beowoiwus 15 inert or catalytically active natervsihsoor
various binder materials. These materials include conpositions such as
kaolin and other clays, various forns of rare earth netals, netal oxides,
ot her non-zeolite catalyst conponents, zeolite catalyst conponents,

alum na or alumna sol, titania, zircqQiya, nagnesia, thoria, beryllia,
quartz, silica or S|I|ca or silica so], and m xtures thereof These

conponent s ar ey 20 e Porflsticrid fvgtrhaurr o?gre 1'uﬂ|t;ﬁ)rr fhlojeRulaPd&/einhe Cat al yst

cost, acting as a GJherrra sink to assist in eat l ding the catal yst
during regener atisgitgblefonsiefiy thiginyénsion archidy MF1, MEY, WwﬁéomaﬁﬁUyst
strength. It C r desi: giumt hat are
used in the ca&%&bt#gc d%sﬁg {' me(ﬂttla%“[}é}ﬁaﬂvg‘ﬁ g}eﬁgﬁl%&%gﬁg‘flty of from
0.05 to 1 cal /gere,moﬂmmkar pem‘sarmlsgnbkd mgréht&dtetall@&edala#gfzeollnost preferably

from 25 0.1 tg, 0.5 i/ d|t| f si eve

mat eri al s cén S‘E"ﬁ"f{gfzy ‘g a e'ﬁraar?%if{ @iﬁ ngcg%gg’y c?‘lrrpgési tion or as

Zepar ag e nol ecur Peefevel malbailgrssiwes whiclachmibetcombined withiahe SAPO cat al yst i f
esi red. Struct ral t. S I J I sui tabl e

for use in thi&" f%}’é?{i{ﬁ?p%ﬁsﬁﬁtcelcu&eyswaf %éﬁ ﬁgg&g@ Seﬂﬁlﬁe dei: E‘E?(fe

BI K, CAS, CHA CHI Tmalﬁmmmipn FrferablCREpriEd 1% &9 %4, @dre LTA, I\/D\I PAU,

PH , RHO ROG Q/6 770, P . | d forns

thereof. Str ucP’i‘f L4olY é)p{"ets? O % ang Mo R r(g)i:- eyﬁglljo‘e/géf@%’ by Q‘Jég‘ Ppﬁéél%{%‘{?e

sui tabl e f@o usieve. rtislhalss prdfermdtthmmel aatalysd@nwlékmomy,e algaidjclesii@ of Kidh, HEU,

FER, AFQO, AEL, _TON, subst i her eof and medi um
pore nol ecul ar zgﬂy’\/}e@dbi 5‘°Efe°§f§flﬂahleg‘otrg g§eaf"é’r°’t Rigleap yes%% ‘P@% | as of
Zeolite 5 Struct urafheloapdyst cadbielsutjedted toandriddy blftré!tmems toBichiees ther t h

Hei neman, 3rd

e o e LA BRSP4 b i, cor e
and chabazit e. ndtlRcesairity mtteaanwmmerm tiRfterent, edliyativa guid esmdritptase 99 %
%[ Zcurgff ?g abltrgatr?ler?{o mﬁlmg, bg/ﬂ mﬁpgg, ré‘%% .nS rsSxfa$ rd%l?x'@’ X g@n&b?na 'co)?l/g thg%og\e I ght of
Another embodiment of this invention includes a method for making olefin
product from an oxygenate feedstock. At the appropriate match of oxygenate
partial pressure, weight hourly space velocity, and oxygenate proportion index, a
substantially high prime olefin selectivity can be achieved.
20 In the methods of this invention, a feed containing an oxygenate, and
optionally a diluent or a hydrocarbon added separately or mixed with the
oxygenate, is contacted with a catalyst containing a SAPO molecular sieve in a
reaction zone or volume. The volume in which such contact takes place is herein
termed the “reactor,” which may be a part of a “reactor apparatus” or “reaction
25 system.” Typically there is one inlet of feedstock to the reaction zone, and one
outlet of reaction product. However, there may be instances where multiple inlets
of feedstock to the reaction zone or multiple outlets of reaction product from the
reaction zone are utilized, and such instances are covered by the present invention.
In such instances, invention parameters utilizing feedstock are based on the total
30 ofall feedstock to all inlets to the reaction zone, and invention parameters on the

reaction product are based on any one of the outlets of the reaction zone. Another



10 sieve. It is also preferred that the catal yst conposition have a
particle size of from 20T to 3,000T, nore. preferably 30T to 200T nnst
pr ef er abl ywb@{ied790 150T. The catal yst can be subjected top gﬁ

treatments to achieve the desired physical and chem cal aracterlstlcs
Such treatnments include, but are not necessarily limted to hydrothernal
treatnent, calcination, acid treatnent, base 15 treatnent, mlling, bal
mlling, grlndlng, spray drying, and ﬁpnblnatlons t hereof. Anot her
enbodi ment of this invention |ncludes a nethod for making olefin product

froman oxyge eed tock, At t I_at tch.of ox enat e parti al
bt essure. ver RO SRR o8 it al G FBRaRIp-S e 3ok Ron | ndex. & -
subst anti aI I ywlliurqh cnbomwmkdépdmtﬂe} aﬂde) ori thy cﬂdpstb@suhmglﬁemeuﬂe oRfinl n t he

met hods of this invent 9 dbcont‘gft e 809 ég[%nateé and optionally
a diluent or an}lﬁﬂ%{;"g? bodlr?r%ﬁﬂ‘gﬁe dparl é’fg;} &Pyt QAR IPgeRepiien oxygenat e,

I s contact ed médilma cat al yst contai ning a SAPO nol ecul ar sieve in a
reaction zone or | une. Th ol ' suc tact takes place is
o o -t & ed ¢ el Pe PRspF Toedsipghat IR EROR CHEPRSeS R 555 PRAREE Bppar at us"
or "reaction o%&psyﬁd@hibh c&rijmmle]ast ohhemehsmenaxdxralsemplﬁﬁc ileshdsst ock to the
reaction zone, and 8 | outleﬁ (0 #d‘; é‘ﬂ i I—? g there may be
i nst ances wheftRTHGRIPPR gompauas(aldghydes, F(a' chy iR acids SHPOBIFS 7 one or

mul tiple outletes M thelae). lWﬂerpﬂ\SGkbfg‘émfté @nntaltBholl M3 alcbiy) cZifelude £ Uti | i zed,

and such i nstances are cover the present inven In such
i nst ances, i rif8h? ti°d?P‘f)‘éi$ g?@ ld?llpFirB?fgatP‘@ed%‘t’BE }%f&’éy fawddodn the total

30 of al e%iﬁiﬁﬁ@{bn{so Ratpfesdntutioé ﬁcémlstlhagdeeaﬁwemat me@amgm?nueﬂv&nt | f)n f
paraneters on the actl on uct one of the outlets o
“the reaction 9B e’t’a‘,&ﬁbﬂ‘ﬂé’ﬂ"@%d(fgf'eé t‘?(’}%}”‘l@g‘t}’;}ﬁgﬂ%‘i nsaturafed ot of the

reaction Syst&mteﬁmbeaﬁmpreegﬁmmaeﬁygenawb&hpcﬁmmus@es bat aOhstne  wherein .
car bonaceous dei)05| ts (or coke) on the catal yst resulting.fro }he ol efin

conversi on r dugiedser msthanok siharak 'bE’JmE*HWf  A2Prepgnlites -Lap 51F S; et

regeneration etﬂ%h%xn&tlﬂﬂ&h@xﬂﬂmgﬁétﬁerf &ﬂ@lﬁiré}ﬁrketﬁér fdﬁmsldéﬂwent ion conprises
at | east one grganic npound ch contains at | east one o gen atom

such as al3 pkﬁ&‘f‘?‘éyleﬂaﬁ’@m# sd‘metéi'lﬂ‘é?%e acettqAsiy pne BB e hereeta FadtRdes,
ket ones, car Rayydnhie BmpEiinds GRMAARALIE Gimethy! ether, or a mixture thereof.

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

20  compositions are known in the art. These methods include fermentation to
alcohol or ether, making synthesis gas, then converting the synthesis gas to
alcohol or ether. Synthesis gas can be produced by known processes such as
steam reforming, autothermal reforming..and eanial oxidization.

One or more inert diluents may be present in the feedstock in order to

25 maintain an oxygenate proportion index of at least 0.5. As defined herein,
diluents are compositions which are essentially non-reactive across a molecular
sieve catalyst, and primarily function to make the oxygenates in the feedstock less
concentrated. Typical diluents include, but are not necessarily limited to helium,
argon, nitrogen, carbon monoxide, carbon dioxide, water, essentially non-reactive

30 paraffins (especially the alkanes such as methane, ethane, and propane),

essentially non-reactive alkylenes, essentially non-reactive aromatic compounds,



esters and the like). Wen the .oxygenate is an al cohol, the al cohol can

i ncl ude an aliphatic noiety having froml to 10 carbon atons, nore

pr ef er abl yWMOr@0770t 0 4 10 carbon atons. Representative alruahsesozoicl ude but
are not necessarily limted to |ower straight and branched chain aliphatic
al cohol s and their unsaturated counterparts. Exanples of suitable
oxygenat e conpounds include, but are not Ilinmted to: nethanol; ethanol;

n- propanol ; isopropanol; C4 - C20 al cohols; nethyl ethyl ether; dinethyl

et her; diethyl ether; di-isopropyl ether; fornmaldehyde; 15 dinethyl
carbonate; dinmethyl ketone; acetic acid; and m xtures thereof. Preferred
oxygenat e conpoitaafurey Rerdbt NAR PleferfiddRbéntd are WARF anddiitragel Watérecah her eof . The
met hod of making the preferred olefin product in this invention can

i ncl ude the abelinjgctsddn eitheg hawd on¥apeh™hese conpositions from hydrocar bons

such as oil, coal gy§iBtarSii¥an ANFbSinclPIAEB part BHle RREUSEY, 1. @78 coMet hods for
maki ng-the 20 conpositions are known in t. These nethods include

¢ n the. ar
fermentati on fesd. Asdefinsd hereing hydspcarbasg inclpded, with theifeedstock are o converting

the synthegi sp0ascatibn BhipERnsUhidH HE Eonveydatth @8dther GREmicaNaAgddieatiuced by
known processes such as "steamreform nq, a;l;t ot reform and parti al

( er mal n
oxi di zati on. @hen eantagtpdavithraolecwar|sigus catdlysty These BY oedshons Gan lI‘fé‘“g“eedst ock in

order to 25 pakpl ?%a@ti@ba?&ﬁ&?%h?vemll@w&%&@,_r'bdbdeiar@fnaﬁés dradsiured. 5. As
defined herein, diluents are conpositions which are essenti al |

non-reactive sheresfsPrafemmst éMIP%FbO"#JQ@SM%Fy@?l?yl%[ﬁoleF?FaPﬂtX)c’{%ng:t ion to
make the oxygendafftschiboh RixthREASt Afdfolafioh mikRFLE S nitkfbs thargufC Moréli | uent s
include, but are "not necessari B@I Imted to helium argon,_nifrogen,

car bon nmon6xi gesfertedrabeerfagioa 4 hilresprboa suemtes.atiththe B1OStREEET?Y e 30
paraffins (es B} 2l i afdiEroBh KRRESs SMfth aRSobMBeaF o sephhfdiPandadBscRr Opane) ,
essentially non-Teact'ive al kyl enes, essentially non-reactive aronatic
conpounds, WOofka@G7OAWRET/ USOl / 02401 -16 and mi xtures thereof. The

pref er red di | uent sy 3, L. 0br Adnntis U8Rk HlyS! cai BB regbferki@i Bt € 11 el ther
l'iquid or vapor form rocar bons can al so bé |ncluded as part of the

feedstock, i.eontacisg gu-cokekautalysswitht regsterptionanadiuminreest HboPA i uded with
AL QS? ; ﬁlgé;c%% g&%g{so %fsqgﬁngﬁwpﬁh%'c&?%eMi&hy HithirCRE YeaktbeBy t 0 anot her

-chem cal

ceasing the flow of feed to the reactor, introducing a regeneration medium,
| .ceasing flow of the regeneration medium, and then reintroducing the feed to the
ﬁllly or partially regenerated catalyst. Regeneration mayvalso. occur pél_'iodically
or continuously outside the reactor by removing a portion of the deactivated
20 catalyst to a separate regenerator, regenerating the coked catalyst in the '
| regenerator, and subsequently reintroducing the regenerated catalyst to thg reactor.
Regeneration can occur at times and conditions appropriate to maintain a desired
level of coke on the entire catalyst within the reactor.
Catalyst that has been contacted with feed in a reactor is defined herein as
25 “feedstock exposed.”. Feedstock éprsed catalyst will provide olefin conversion
readion products having substantially lower propane and coke content than a
catalyst which is fresh and regenerated. A catalyst will typically provide lower
amounts of propane as it is eiposéd to more feed, either through increasing time at
a given feed rate or increasing feed rate over a given time.

30 At any given instant in time, some of the catalyst in the reactor will be

fresh, some regenerated, and some coked or partially coked as a result of having



when contacted with nol ecular sieve catalyst. These hydrocarbons can
include olefins, reactive paraffins, reactive alkylaromatics, reactive
aromat i cs vao ofortour es  thereof . Preferred hydrocarbon copd©gsiseiae! ude,
propyl ene, butylene, pentylene, CA4 hydrocarbon mxtures, C5 hydrocarbon

m xtures, and m xtures thereof. Mdire 10 preferred as co-feeds are a C4+
hydrocarbon m xtures, with the nost preferred being C4+ hydrocarbon

m xtures which are obtained from separation and recycle of reactor
product. In the process of this invedfiron, coked catal yst can be
regenerated by contacting the coked cat aI yst with a regeneration nmediumto
renove al onotpyat becofegendatet eTheotforecieapions pastionsief thecalglysteln the re#Ftfan occur

per i 0di cal | Yyl Al b 1Bed 8 L BlostioP BRRIeAGp I A ML QindeGfithaleuet he T eactor,

i ntroduci ng & T eégenerat i on ceasi n ow of t'he regeneration
medi um and whizh fcedlﬂuwsaclﬂmrwgtor ban \faaedletmqunteoffﬁdltpyvhmh vaaeusi al | y

regenerated c

cont i nuousl| yP B’% 4 %-ghet??e ea"l('?taosr0 mna%\%?ﬁﬁé%gﬁg{)??i?ﬁ%@ﬁ ﬁ‘{flréégeactl vat ed

20 cat al yst Cma@ssmdmmkimpegmﬂ@r@tﬁ)nqdestn@muamgmw@ defirethecat al yst in

the regenerator.. ailySbaRAUSANLYiNYAl ALEAMIELAY ddSobegRRRkat ed catal yst
grent iR genarat -

to the react Ich e, vate nmes an Itions appropriate
to maintain a desAs estd hereine ACFE 1mdtkes mntcttildeveeght foeectzéwrdb@'bx thgjtetli n t he

r eaC_t or. Cat al Yg?)&%}d‘g?qt aés?ggégdexcl f&}jbgfqdew l;twhrtsf 8gd tHe gs%Ct or is defined

herein as ock expose st wll provide
ol efin conveb@hmltnohpmtuoohb rpmﬁumtlsding\bnthgfresmmtmneatddwalamr pr opane and

coke cont han a whi.ch is fres er at cat al yst
will typi aII B‘Fﬁ\'ﬁe&be"% %\Rﬁ@%eg‘ﬁﬂﬁﬁ‘{e' D uﬁ}'%qe"gﬁg’eé@g?? ir‘@ ‘ggB‘é‘Sed to nore

]1: eeg, ei t her idtdivalshiduld beloageicugh tq smrﬁmat out Auguations nesulystordesistockcr easi ng
eed rate over zﬁ;gx%ﬂx?lg Pc;[ Wnﬁactgp an rF%en ra9c|> Verrc}celsg &épawi cteg é& Llff)%v the O of the

catal yst in f3i¢ and sone coked or
partially cokptenfito \aeweasusIeisemfanpaummgommﬂﬂe@@skwrdacm‘ 5S@MsOAt01 - 17 not

Y eactor wi | PR BRERIP LG Bh Bk SoUT P Bope Iy hie TR 11 2
Si nce t hesr abfreadtor sykte@B witk egbsiantuly doastath eegeeaation nmtes\oahws tlag anmount of
feed to which vagi.ous
be sufficient.
Flow rate of catalyst can be measured in a variety of ways. In the design
of the equipment used to carry the catalyst between the reactor and regenerator,
the catalyst flow rate can be determined given the coke production rate in the
20 reactor, the average coke level on catalyst leaving the reactor, and the average
coke level on catalyst leaving the regenerator. In an operating unit with
continuous catalyst flow, a variety of measurement techniques can be used. Many
such techniques are described, for example, by Michel Louge, “Expérimental
Techniques,” Circulating Fluidized Beds, Grace, Avidan, & Knowiton, eds.,
25 Blackie, 1997 (336-337).
In this invention, only the molecular sieve in the catalyst sent to the reactor
may be used in the determination of ACFE index. The catalyst sent to the reactor,
however, can be either fresh or regenerated or a combination of both. Molecular

sieve which may be recirculated to and from the reactor within the reactor

30  apparatus (i.e., via ducts, pipes or annular regions), and which has not been



portions of the catalyst can also vary. To account for this variation, the
Average 5 Catal yst Feedstock Exposure (ACFE) index is used to

guantitati wolopeegé i ne the extent to which the entire catmtTyssolnizor he
react or has been feedstock exposed. As used herein, ACFE index is the total
wei ght of feed divided by the total weight of nolecular sieve (i.e.,
excluding binder, inerts, etc., of the catalyst conposition) sent to the
reactor, including both fresh and regggerated catal yst. 10 The neasurenent
shoul d be nade over an equivalent tine interval, and the tinme interval
shoul d be | ong enelalol Res AR @bitain Ylest L4485 hoW1S bé Bseddt Bleyst or feedst ock
rates accordi n& to the reactor and regeneration process step selected to
al l ow the sydetenminasiopiofEEdRde¥ssential |y continuous. In the case of
reactor systens W i orpRibPOhSodiRER BEfA ihdision, ldfedd GARidiAgae from hours up
to days or longer. In the case 15 of reactor systens with substantially
const ant r egensygendteand aptineelbya bydrpeszion, either separatelif aripixghwiththeoyy 1 at e of
catal yst cgn ngééﬁﬁéqg &gltic%d%fﬁaar daflipst OdntHRHS a SWPOL MSledRA sibve a0f the

equi pnent . “use 0 carry the catal yst betweenh the reactor and regenerator,
the catal yst pfogessccanditianseffbesivas pioduasedefigs inehreaster whatethsca@lysthadn rate in
the 20 react oby Aiche iR/ EAAP KD, brefhlbhOR IGALRL YAk AceRMhd ihite reactor, and
t he average coke level on catalyst |eaving the regenerator. In an

oper ating uni range pfil.0 e2A is efertivecwithng faage of lodw! S beingidesirable o raagelr enent

t echni ques cag_ ch techni ques are described, for exanple,
by M chel Louge@qﬁ@ﬁ‘gﬁr n%(fgré&Techni ues," G rculating Fluidi zed Beds,
Grace, Avil@an, & Kibsprocass iS@ﬁSGtiVCB'EFaBieg@I@F & an pggeengtg pertidkmpssutepft hj s

i nvention, onl I | ' begis eact or
may be used iﬁy aﬁg&ag?gﬁgngn%{efegﬁ?% elA%l!E |ﬁ§%&?‘h %‘%Eesuiegtg.g? %gsttbsg?é’ to the
reactor, howswee prefesablyba leaist Hepsiaf Fos hragticat degignenenosss ibis dasicabletie nat i on of

bot h. Mol I [ ' : ' t t
0L 1 UL g e S, 6t i G Oy et

within the rea bes’ or annul ar
regi ons), and gvdaiecthah 480 psid, nimseprefd@blylnct @RAGr PATHYF1Y. 02401 - 18

regenerat elg or doe E?tlta?]%gé(];e%tgr Jy'ét%ﬁln:aﬁ 8t ﬂieﬁ,siglclubiﬁg RQLd B, RGiawegdr i n the

det erm nation of A
moving bed systems. Preferred reactors are co-current riser reactors and short

contact time, countercurrent free-fall reactors in which an oxygenate feedstock
can be contacted with a molecular sieve catalyst at a WHSV of at least 2 hrt,
preferably in the range of from 2 hr! to 1000 hr?, and most preferably in the

20  range of from 5 hr' to 500 hr'. WHSYV is defined herein as the weight of
oxygenate, and any hydrocarbon which may optionally be in the feed, per hour per
weight of the molecular sieve content of the catalyst. Because the catalyst or the
feedstock may contain other materials which act as inerts or diluents, the WHSV
is calculated on the weight basis of the oxygenate feed, and hydrocarbon which

25  may be present, and the molecular sieve contained in the catalyst.

The process can also be operated according to a desired gas superﬁcial
velocity (GSV). Preferably, an average gas superficial velocity of greater than
about 1 meter per second (mV/s) is maintained in the reactor. Preferably, the
average gas superficial velocity is greater than 2 m/s.

30 As defined herein, gas superficial velocity is the volumetric flow rate of

the feedstock (including oxygenate, hydrocarbon, and any diluent) divided by the




In a preferred enbodi nent of this invention, a feed containing an )
oxygenate, and optionally a hydrocarbon, either separately or mxed with
the 5 oxyy@odas®70js contacted with a catal yst containi ngceauShiR@eio! ecul ar
sieve at process conditions effective to produce olefins in a reactor where’
the catal yst has an ACFE index of at |east 1.0, preferably at |east 1.5.

An ACFE index in the range of 1.0 to 20 is effective, wth a range of
1.5-15 being desirable. Arange of 2442 is particularly preferred. 10 The -
process is effectively carried out at an oxygenate partial pressure of
greater than Qs sBURhel Al Winck ARAQNAIE G Ert D cldHn oS n REEEOWAIR | at

| east 25 psia, nore preferably at [east psi a. t1cal design
purposes it iHowiagithraughehe tﬁacteqaé‘wa'p@mtncélqmarfenfohe fpedstQChNﬂrpﬁSessure of not
greater than e o) [ nost
preferably not?p(gj g%%tgl}er? C%r glggdd%mﬂ &epi@@f%étrang)gfiég égﬁtcg'}sssyst em can be
used, i ncl udi segtigriakarda bfatdie rehttm ma)bdsbwyatrmygwgn beidt witih gregeacRiref err ed
reactors e

count er cu?érr en?ﬁ)?%g{ee ?\f}hgre sruP %‘?gﬁf‘%ﬁ& t?@%us%@%xtem rgﬁ) {%&Fﬂéedﬂ% can be
contacted wi ttﬂsaunmﬁ@dmehmcnt}stmhmatmlry@torat a V\HSV of at | east 2 hr"',

preferably in the preferably in
the 20 range of f r"v é}g&)‘ﬁ? %r{%%@p%ﬁcﬁal {’wﬁf&%@% %g‘th%gg égaeclkn as the

wei ght of  oxmidngfeaseainithansactoy dmasiatizedn Thisiindreases/the dléctinigy fojthde in t he
feed, per Iqou&es ?({ 1 S%hwgieﬂp% gf ?t anen%dgctj?laoipggné ) m%(r)egltﬁees tltlerrg)fprc}ag\e cat al yst.

Because t he cat ontarn o al s whi ch
act as mlaOtsto@ugﬂdwb&lﬁwpr offthegﬂsi&s\ﬂownsg thadughltlwtretbtamThheelcmuyght basi s of

the Oxygenat e fFl% a'r\]/gnp QSrS%‘t'(;t on 0?2}6 rfac Otl' is &FH O)J&ag%%glr es and the

mol ecul ar si /8 E3hE &IVRR ﬁhdéiT‘So be oper at ed
according to latldméhlrcm.xsgasorwﬂemfmrtg cﬁ‘lﬂund/&dmmtst yidéaGpil ﬂoer&haﬁabl y, an

(o)1 s i nt et Sepis BEle FaPos R Bhst o e ok geenglos ™ *°°°"
superficial valphgsmoving pyratial tothetrbaroraxisl s. 30 As defined herein, gas
superfi cigg vel oc;l{.hgsmv Iihe volupetric flowrate of .the f eedstock

(i ncl udi ng’ oxygen SIAP A3 FTRBiES aningreassyin [RAFIQR FAPRCItY; W“é“ed by the WO
01/ 60770 PCT/ hibadainitigdstable BOS (prime olefm selectivity). As defined herein, a stable

POS is one that is within 10 wt.%, preferably S wt.% of that obtained using
essentially 100% oxygenate as the feed at a pressure of 25 psig.
The invention also enables an increase in reactor capacity while

20  maintaining a stable conversion of oxygenate across the reactor. As defined
herein, stable oxygenate conversion is an oxygenate conversion that is one that is
within 15 wt.%, preferably 10 wt.% of that obtained using essentially 100%
oxygenate as the feed at a pressure of 25 psig. Such stable conversion can be
maintained while maintaining a stable POS.

25 Preferably, the oxygenate feed is contacted with the catalyst when the
oxygenate is in a vapor phase. The oxygenate feed can also be fed in a liquid or a
mixed vapor/liquid phase. When the process is carried out in a liquid phase or a
mixed vapor/liquid phase, different conversions and selectivities of feed-to-
product may result depending upon the catalyst and reaction conditions.

30 The process can generally be carried out at a wide range of temperatures.

An effective operating temperature range can be from 200°C to 700°C, preferably




reactor cross-sectional area. Since feedstock is converted to olefin
product while flow ng through the reactor, the volunetric flowrate of the
f eedst ock wemor®770t hr oughout the reactor. In addition, depefgidi@s4éPon
reactor design, the cross- sectional area of the reactor may al so vary at
any given point within the reactor. 5 Therefore, average gas superficial

vel ocity as used herein represents the average gas superficial velocity

t hroughout the reactor. Wen the aver agg.gas superficial velocity is
greater than | m's, back- mxing of gases in the reactor is mnimzed. This

I ncreases the Vit dhnt ' | §An I, | ene and
lor propyl ene, ﬁgﬁ?%ibnccqroe%ge(g '{“{q}g"%"'gﬁd&%gﬁmﬁgtﬁbmﬁsﬁgé'f ﬁ%%ktl)ogﬁeé\?ﬁ%?yof t he
gases flow ng thetoupsnatuieeangeahe farmatigneofitled desiredyolefpr prbducts may becgimeen cross
section of the_r S [ axi oot 6 e ' | i axi al

mafR1) Yout. SAGRPE e BB ke tfe.lnﬁérrtgggrf&% G plcbess Aot

di ffusion or back-nxing el ement's. ow behavi or
-occurs when el fameranpomumhamonotinaf@esductys f 1l ui d react ant nove through a

reactor as.plugs Vi n arallel to the act.o i s. 15 This .invention
al so enabl €3 an i nmeacggve?ﬂo? 2t ?"a&eéﬁ%girog Y th\%ﬁ"l ‘ﬁée(ﬂ"sr‘r"eﬁyn CSPAPASYY stabl e
PCS (prinme ol einawasietyafcatelytiyjeactds. Readtorggipes énchide fixed bedalehators, Rt i s one
that is within %_ preferahly 5 . % of that.ahtai usj ng
cocentrally 10095yl eSuB e cberdeitord SolestrbB P B SRR 1
i nventi on al soFbswdinities Eagineanivgcld skuniinand € dtevenspialp Robdry/E \Kridger 20 nai nt ai ni ng

a stabl e convegsi; g t I he. reactor . defined, herein,
st abl e oxygena (sabl%g'ﬁggp gﬁhféﬁé}' g\r@g')c(’g%@ng?ué‘teé%’ﬁr\%&gﬁeo@?feﬁ?at rsinéayol??e that is
wi thin 15 W . Yasegirethe cablessichprodesdasalescribed indi-A-)ei8, 13$iand “Risaent i al | y 100%

oryenat o e ekl AT LSRR B PP 2D L o0
- feed i s _cont acFeOthmiof Reihlisdd Palilishipg Cor@NiY tIB€0. oxygenate is in a vapor
Phese,  The, S Benalf, il CamLag P b ad Ml b R B o o

m xed vapor/|i theicstalpktdsemosied fremn eliet ressdorand Sénd istharegemeedtotbirsthdvieakie Of
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tenperatures. reféhefitbrotht catslyQpesontdcted withiegeakbritien madigm coafinivgy f r om 200C to

700C, prefer abc|>7tyygen or other oxidants. Examples of other oxidants include O3, SO;, N;O, NO,
NO2, N20s, and mixtures thereof. 1t is preferred to supply O in the form of air.
The air can be diluted with nitrogen, CO», or flue gas, and steam may be added.

20  Desirably, the O, concentration in the regenerator is reduced to a controlled level
to minimize overheating or the creation of hot spots in the spent or deactivated
catalyst. The deactivated catalyst also may be regenerated reductively with H,
CO, mixtures thereof, or other suitable reducing agents. A combination of
oxidative regeneration and reductive regeneration can also be employed.

25 In essence, the coke deposits are removed from the catalyst during the
regeneration process, forming a regenerated catalyst. The regenerated catalyst is
then returned to the reactor for further contact with feed. Typical regeneration
temperatures are in the range of 250-700°C, desirably in the range of 350-700°C.
Preferably, regeneration is carried out at a temperature range of 450-700°C.

30 It is desirable to strip at least some of the volatile organic components

which may be adsorbed onto the catalyst or located within its microporous



WO 01/ 60770 PCTIUSO /02401 -20 from 300C to 600C, nore preferably from
350C to 550C. At the lower end of the tenperature range, the formation of
the desirago plidabion products may becone markedly slow. A4H&HRARET end of
the tenperature range, the process may not form an optinmum anount of ’
product. 5 The conversion of oxygenates to produce light olefins may be
carried out in a variety of catalytic reactors. Reactor types include
fixed bed reactors, fluid bed reacjt S, and concurrent riser reactors as
gesiri bed i nI "Free Fall Reactor, ui di zat i on Engi neering, D. Kunii and

. Levenspi e e i onal |y,
count er cur r ene Peepqo% ‘ﬁméﬁ ctor naumr ?E‘iig used cmphs;lgd%ond\?g?ési&on pro%:less .
as descri bedstiipping3ad-oterabssatdt mmjstﬁnﬁeserstﬂmmh@mber whigh déngbet i on and
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operati on, cmb;taraiappirte'rtmmdhﬁn thahie cmaﬂnahlymedl Examploy efistfipong gasare eact or and
sent to t regen rator tor \Y; deposits that
resul t d | i ée rogfn he um a? x%et‘mgh% g‘g 95&‘&%}&9&% p S a

e Faetron. enerator, The cat al yst is
contacted with aItmgyshedestratdﬂtormdllanlnasmmomqmqf@er@&ﬁpg@wdamabfsﬂela oxi dant s.

Exanpl es of ot her oxi dant and

m xtures t helPE’SrftemP?mﬁuéer\be%rfer' ¥ Seeate? 0 gouﬂs‘[c)lfeac%g & hg?ﬁxc}%g%mog% le r. The air

(E)Zn' bebldi | ut @gerindliyyho thetrégbgerﬂt,ormﬂbe used £d mmogasqmedmdt o ahm aatalysbe added. 20
sirably, e 02 concentrati t he rege

control | ed I&?élt%ai%eemwﬁ fraya 8\'7' tﬂﬁé%f'l'eﬁaggroﬁ?’netgéeéarfa%%&%% %ﬁﬁﬁ spots in

t he spenio orcodrdcit is\Geifable t6 @bdllityts & tenffeeatte adich\usfren 200t Ghigkdr tal so may be -

regener at ed reductlvely W th H2 tures thereof, or other suitable
reduci ng age#t0sC loweg HieBitheempgratisre °%%F|°d ys\/\é“ﬂ?déﬁ‘?é‘hé?"a’tq’%’ﬁacé?fd reducti ve

regenerati OnMSﬂegiegil‘a‘BR' Res @d%@d%@%np%ﬁtdr@fr%ﬁﬂ@@ﬁc Idwer Bk ehedeposits are

renmoved fromt catal yst during eneration process, formng a
regener at ed temperatpes of t tabégwﬁ@dfmﬁowé regaer. | This qopled catalysithedd t o t he

reactor for ke tHe =1 L8t tht enper at ur es

are in the r%%%%@nge%& %%&mrﬁdib Ir adcfft e|yrlr%!“§tihethrE g‘%@g@of l??ggo 700C.

Pr ef er ably, Wogetheregenaated catalyst ﬁpmdhwgermat@r ig eqﬂfé?deip itherepct@igit of 450- 700C.
may be returned to the reactor’s catalyst disengaging zone, the reaction zone,

and/or the inlet zone. Introducing the cooled catalyst into the reactor or
regenerator serves to reduce the average temperature in the reactor or regenerator.
In one embodiment, the reactor and regenerator are configured such that
20 the feed contacts the regenerated catalyst before it is returned to the reactor. In an
alternative embodiment, the reactor and regenerator are configured such that the
feed contacts the regenerated catalyst after it is returned to the reactor. In yet
another embodiment, the feed stream can be split such that feed contacts
regenerated catalyst before it is returned to the reactor and after it has been
25  returned to the reactor. _
It is preferred the catalyst within the reactor have an average level of coke
effective for selectivity to ethylene and/or propylene. Preferably, the average
coke level on the catalyst will be from 2 wt.% to 30 wt. %, more preferably from 2
wt.% to 20 wt.%. In order to maintain this average level of coke on catalyst, the
30 entire volume of catalyst can be partially regenerated under conditions effective to

maintain the desired coke content on catalyst. It is preferred, however, to recycle



30. 1t is desirable to strip at |east sone of the volatile organic
conponents which may be adsorbed onto the catalyst or located within its
i cr opor ousvee@1b60770 PCT/ USO / 02401 -21 structure pri@raspi/enbering the
regenerator. This can be acconplished by passing a stripping gas over the
catalyst in a stripper or stripping chanber, which can be |located within
the reactor or in a separate vessel. The Stl’l ppi ng gas can be any
substantially inert nediumthat is copyonly used. Exanples of stripping gas
are 5 steam nitrogen, helium argon, nethane, CO2, CO flue gas, and

hydr ogen. t t regener at ed
¢at al yst to agq?/ &gmgﬁ%ﬂ 8% e&rcgtaﬁlg%f %te? %Cﬁl?%t gghﬁﬁ;égk%%tg&t ggﬁr eagt or. A
heat exchangerecycbecanédd petfmdmahéryntclmaltdi@m@g’etnéhﬁte%ﬂmfnﬂ?e pertigaefl to renove
sone heat fromthe iter: t he

regener at or. tﬁg&?éeye?r? 'att% ’(s:g{eg{?yﬁ Rgg&{%ﬁ&i@gfi&gﬂm};& Rslms desirable to
cool it to a éfﬁm]eaftatabtm mmgertera'teﬂ datmmwoghewm@mof@m@ﬂ%mr t han t he

tenperaturg of r o2 desirably, it
i s cool ed fo g‘{e gelrabt% 5 a" 9%%@?@&9@%‘2 ﬂ‘anltoél\%rp/gr ature of the
catal yst withdr avvrinfordnrmt mekerte)afotwcafﬁmsslossobhesltmatahﬁ;rsftoﬁCh‘en may be
returned to eit SONe por, h a r, or both.
15 Wien t he rre@@ 8 (PIQCESS, c%ihacla& sysp%antb & % ﬁe%rabl#q eﬁ'gsg%gﬁ ie

rom s r urnedtothe
reactor, it adigd ethe edgeenaed tanalytslneﬁereastamdvsd framaqursger@rMngdghm zone,

the reaction ﬁgp%gradgencgté ! rtfgctor oS evéotﬂ?geéhn%{a@g{]%h%g iR 160Rl ed catal yst

into the reac Serves e average tenperature
in the reagt ofeactor me@emmhﬂy of the regenangted cdvddyit. mAny ameunt of fresbtcatalyand

regenerator are CO blrteiipils }S;{H:Geniedh?ah an %%thﬁdengg 1€_01 g‘%L ?na“@gné’d.egener at ed

cat al yst bef o?aé‘ e rea ternative
enbodi nent, the re@a&sktllearmdtheeg@nbmbappremaethantrneglcﬁmprsmdbhate the feed
contacts the regener at d cat al yst af ter%.]lﬂ(‘:e IS returped t the reactor. In

yet anot her GRAMERT eﬁ't"r?é“’? QR reRp Lk e pres Rt AT EU

S0l that feed
contacts regpslgmaizd tefralppibleia, tpa:acmlhrly polyeehylemedd polyplheylﬂmct or and
after it has been 25 returned to.t [Ie I’i%tor ‘_Ee&tglgtéhe cat al yst

wi thin t héd r eBroeessesanlorming polyplafins o ofefigs ar85ﬂ y mt 48 i Ve selectivity
to ethyl ene apmc&tesprofrefet® . Paticul #lyppéfyred éiemammscage Zlegler/Natta and

acid catalytic systems. See, for example, U.S. Patent Nos. 3,258,455; 3,305,538;

3,364,190; 5,892,079, 4,659,685; 4,076,698, 3,645,992; 4,302,565; and 4,243,691

In general, these methods involve contacting the olefin product with a polyolefin-
20 forming catalyst at a pressure and temperature effective to form the polyolefin

product.
A preferréd polyolefin-forming catalyst is a metallocene catalyst. The

preferred temperature range of operation is between 50 and 240°C and the
reaction can be carried out at low, medium or high pressure, being anywhere

25  within the range of about 1 to 200 bars. For processes carried out in solution,. an
inert diluent can be used, and the preferred operating pressure range is between 10
and 150 bars, with a preferred temperature range of between 120 and 230°C. For
gas phase processes, it is preferred that the temperature generally be within a
range of 60 to 160°C, and that the operating pressure be between 5 and 50 bars.

30 In addition to polyolefins, numerous other olefin derivatives may be

formed from the olefins recovered therefrom. These include, but are not limited



coke level on the catalyst will be from2 w.%to 30 wt. % nore preferably
from2 w.%to 20 wt.% In order to maintain this average |evel of coke on
catal yst, wbaied7entire volunme of catalyst can be partiabpyysRe84Er at ed
under conditions effective to maintain the desired coke content on
catalyst. It is preferred, however, to recycle WO 01/60770 PCTIUSQO /02401
-22 only a portion of the coked catalyst for feed contact w thout
regenerating. This recycle can be pe?;ormad either internal or external to”
the reactor. The portion of coked catalyst to be regenerated is preferably

regener at ed under, .cqndi ti.ons ffective obtain.a.regenerated catal yst
ot ng. o cokelo TR Bk aodfi AR gt ATt eres s MDA AP G P han 1 5 ut . %
and Imost Ioref diglﬂbx!id/e dnﬂﬁz&inyﬂ Bidoride, Bthyberifene, kmytaﬁd@ﬁdé,eurﬁa{eeisbm?ﬁwrhany |
catal yst | oss rin he eration or reacti.on.praocess, fresh catal yst
can be added.a‘ﬁ#@*’é r&iﬂ"’if,aﬁﬁ%ggf‘fi%@ﬁ°l’é’éﬁ"5f’§‘§?’ “F?H‘c ‘d@ecghy&?etpﬁ‘é"yﬁ@%enerat ed
cat al yst af t eqbbdrs,iafid a@yRMRG e an@ Mihére ahPURRAI Tethylend Popyleasor bot h are added

to the reactor. However, the fresh_cat.al yst can be added.to the, 10 reactor
i ndependent | ybusylersse Tﬁ%@'@ﬁ@&‘a?é@“&%ﬁ%fr’% YheseAﬁ%w%msw foﬂ knpwa i the; o) yst

can be added, apuhd tHerelfsre Rr€adt ldisBehsédttei@n ACFE i ndex of at least 1.5 be
mai ntai ned. One skilled in the art reci atﬁs%pat, the ol efins
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produced by the obyyiawentian #all Be bettepu mﬂﬂ‘@ﬁeg’é"é‘ﬁ‘i@d OVRE present
i nvention caneampRe) WHIEK iré @flerlded {oanmstied spedifd ériSodirétd withih &fel overad! yet hyl ene
and pol ypropyl ene._ 15 Processes for form ng polyolefins fromolefins are
known in the $Ppe ofths inventiop as efpifledsses are preferred. Particul arly
preferredigre netal l ocene, Ziegler/Natta and acid catalytic systens. See,
for exanple, U S. "Patent Nos. 3,258, 455; 3, 305,538; 3,364,190; 5,892, 079;
4,659, 685; 4, Bxmmped: 3 645 992: 4,302,565, and 4,243,691. In general,.
these nethods i nvaiyperiGeml g NSAPOS 4RIyt 50V FNIS-3956% bﬂxd@n?kwbéﬂz‘ efin 20

formng catalyst at a pressure and tenmperature effective to faormthe
pol yol efin  pragipdcut ing thrdied-bateh-igeirquintiag (FRRIJEIAGIGH & BEsieqiEsplafiag 5

met al | ocene cateRlrY6 Lirculftons Pireb@nl. e8nd GRRRNSH HEEWEARSS HEhePMER el ON 1S
bet ween 50 and 240C and the reaction can be carried out at | ow medium or

hi gh preskur ereagsion fje. #AY itisarastop svaqpansidgred b2 pemegradisnt batsdgeactort §he200 bars.
For processescaeyst paficlevert Blas&d i aib@éket bo¥id by two sintered-porous disks. An

impeller rotating at 6000-7000 rpm circulated the gas in the reactor from the top

of the basket through the annulus space to the bottom of the basket. The gas
entered the bottom of the basket at a speed sufficient to fluidize the catalyst

20 particles. Catalyst particles were in turbulent fluidization condition with very
limited amount of gas bubbles in the suspension. Gas residence time was
controlled by time-programmed valves that emptied the reactor gas to a large
vacuum vessel. A gas chromatograph (GC) sampling valve was equipped in the
gas depressure path to capture a gas sample for product composition analysis.

25 The reactor was initially charged with 0.3 grams of the catalyst and
enough argon to achieve 60 psia reactor pressure. This was to ensure that the
circulation of the argon gas by the fast rotation of the impeller can fluidize the
catalyst particles before the injection of methanol so that there is good contact of
methanol with the fluidized catalyst particles. The reaction time was controlled

30 by venting the reactor gas at a preset time of 5 seconds. At the preset time, a vent

valve was opened to vent the gas through a GC sampling valve to a vacuum



inert diluent can be used, and the preferred operating pressure range is
between 10 and 150 bars, with a preferred tenperature range of between 120
and 230C. Popor/gz® phase processes, it is preferred that pdweusoengaer at ure
generally be within a range of 60 to 160C, and that the operating pressure
be between 5 and 50 bars. 30 In addition to polyol efins, numerous other
olefin derivatives may be fornmed fromthe ol efins recovered therefrom
These include, but are not |inmited WOQL/ 60770 PCT/US01/ 02401 -23 to,

al dehydes, al cohols, acetic acid, |inear al pha olefins, vinyl acetate,

ethyl ene di C%QF]' %e%Wco\lﬂp'a%{lorpmasode'té#ﬁuneﬂtb?ﬁ@ﬁﬂ%@eAﬁ@xt ¥ k@bgor0 x| de,
cumene, i sopropy al Cohol ; acrol ein, ng chl ori de, proprlene oxi de,
acrylic acid, pexdngts sveee rsmeysd| feasethe reasos pad the FRACtaE Wes RWBA IR ¢ ri ner s
and di ners Of E%ls&l?ﬁcd WHPRLERS0 sxa%n@memnﬁéﬂﬁwagr Q&Tﬁﬁkh@ﬂﬁldﬁg

-manuf acturing these derivatives ar known i n the art and therefore,
are not di scuslmetdtaﬂb@teamclesmfosethweﬁtmqshﬁﬂm injectinn wastcagied 9HHer st ood wi t h
reference o the f 4 Gstrunlbt @A rdaBloPWSIGHle L@gIcL) Ut rat e
specific e%rbodl rren?is'é %tﬁqﬁ”a?ﬁ%ﬁgver an}mascgpe (r)f the 1| n\e/ent |con as cl ai med.
10 Exanpl e 1 Hhpefirewrit & afgictignel igenpd Bip barartpsat 4@@‘@@87'@30@4?}"5‘!3% bi nder)
were carried,out in e “%?ﬂ AGH at a
gas-recircul at? W&reasre ﬁ rea‘%{or%g%ﬂegg%gp f'%'ngh{)ée:o;%ég%%ondg fh S ean%fergul ation rate
was nuch hi ghessetwnasoibor60p=s@aotei%n rate, and the reactor was consi dered
as a non-gradient batch. rea taI ed in a
basket bound by t t‘%z\sr?P%efveegtthaé%ﬁlg& £ at %gatsesos%ﬁf}ﬁ%ﬁﬁrﬂ\gﬁéﬁsg}QVC

- 6000- 7000 10p MntetHaaoil iajbetdm's hhe gmsatldm prdmss)ead:thoweaﬂtarmmalhmqmt@ponmntt he basket
t hrough the anpul ys bottom of the tered the
“bot t om of theq{g‘%&%‘? ?’eif“rse;%@atag'u erf??l enre 1'8° 13 l?gesd e“tt aﬁ%ﬁglsggﬁa lg;/'gt 20
particles. Cafpadcgst particles were in turbul ent fI UI di zation condition wth

was” control I ed by 1he v RRSGRArR I IR R AT iy R BTN 0 1 1T
| ar ge. vacuumine fifeqbactoh t@)faise Cierreatadr pegssypéito &Ki)snas ahphmcrlg)f\thﬁ methawd equi pped
'n the 15 partial pregsure was achieved by changing the injection volume of methanol
injected into the reactor. Experiments were conducted from 0.3 10 0.5 ccin 0.1 cc
increments, providing a partial pressure of oxygenate feed of 60, 80, and 100 psia,
and an oxygenate concentration of 50, 57, and 62.5 mole %, respectively.
The space velocity (reactor.capacity) was calculated according to the
20 following formula.

gMethanol/gSAPO-34/gas residence time = [(0.3cc*0.7914g/cc)/0.3g*50%*5sec)]*
3600sec/hr

(0.23742/0.15)*(3600/5) g/g/hr
= 380 hr'!

As the partial pressure of the oxygenate was increased from 60 psia to 80
and 100 psia, the space velocity was increased from 1140 to 1520, and 1900 hrt,

respectively. The results are shown in Table 1.



gas depressure path to capture a gas sanple for product conposition

anal ysis. 25 The reactor was initially charged with 0.3 grans of the
cat al yst aggo/&paugh argon to achi eve 60 psia reactor pr?éﬁﬂ%ﬁmrgpis was to
ensure that the circulation of the argon gas by the fas otation of the
inpeller can fluidize the catalyst particles before the injection of

nmet hanol so that there is good contact of nethanol with the fluidized

catal yst particles. The reaction tinme was controlled 30 by venting the
reactor gas at a preset tinme of 5 secorids. At the preset. tinme, a vent

val ve was opened to vent the gas thr ugh a GC sanmpling valve to a vacuum WO

01/ 60770 PCT/ USOL/ 02401 -24 vessel . ¥ 'élgas conposition was determ ned by -
GC anal ysis. ~After the reaction —products were renpvedfrom-the—+eactor and

the reactor Wanese g&lyepnet on, i VBYEe e s pinjicae d wofylaneay gsn| t 0 60
psia and t he| PRRRE° eré?ﬁﬁg, q p‘g’é@ti ﬂﬁ'mt?ﬁ.) fﬁ'fvdl’“'ze Seledtiity Cla¥elativiert | frarti cl es
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the reactor presdure h)foﬁﬂ In"ﬁz% Th® concerd?r atli ortlof ue_\ﬁ_a_n_n{lL" this
case was 60/(60480) [= 30 nmyl &% |t 1%as [obgervdd tHat |catHl ysit "acltivity
increases significantly in the first few 10 nethanol injections (the
activation process) and thereafter remains quite constant. The effect of
pressure on catal yst performance was carried out after this activation
process. Fhe acti Tht éda denhastystt theaeraarkahde stubilithof reaetot stectiand ar gon was
introduced into the reactor tq.raise the reactor .pressure to. 60 psia.
Variation of PPHTRREGHINLFOTCIRONGINB dRcLases 1B LREPLCARAL Y, S BTEH DY changi ng t he
i nj ection volresamr odpasieg is areant thaymecé prime olefinst aneprodunet from tha peswd ment s wer e
conducted from0.3 to O g cc in 0.1 cc incre ntgi Providiqg a parti al
pressure of GRGIENAPmer Thyp 3gmegpe opsrating an OXyRSnalE FIVerSION Progess, v enat e
concent r at i ogomprisiils a fixed rédttbr@dlumertidycusdghepespa Givientddnyto indieass pace vel ocity
(reactor capacjt was cal cul ated according to.the. 20 follow.ng formul a.
gMet hanoIISSAlyﬁ“ﬁ; gufout fram &‘8ﬁﬁoéeﬁsi 05“[“(‘{53%@8@}@&99@} 5}%&%&850% 5sec)]*

reactor volume (eg, adding an additional reactor, or lengthening an existing

reactor, among other methods). In this example is demonstrated a particularly
desirable embodiment of the invention with a stable conversion as well as a stable
POS through widely varying oxygenate partial pressure and WHSYV ranges.

15
Example 2

A positive displacement pump was used to deliver liquid methanol at
constant feed rate through a 1/8” capillary stainless steel line up to a 4-part
Valco™ valve, which was connected to the bottom of a reactor. The methanol

20 line was connected to port 1, a helium line was connected to port 2, port 3 was
connected the reactor inlet, and port 4 was to vent.

The reactor, a 1/2” x 1/2 ft stainless steel tube equipped with a 1.5” heating
block, was positioned in a resistive furnace, and kept at constant temperature for
isothermal operation. A glass wool plug was used to support the catalyst bed. A

25  5-point internal thermocouple was used.to record and control temperature inside
the catalyst bed.



3600sec/ hr = (0.23742/0.15)*(3600/5) g/g/hr = 3 80 hf' As the parti al
pressure of the oxygenate was increased from60 psis to 80 and 100 psi a,
t he space vwb@gkdrye Was i ncreased from 1140 to 1520, and 1?%{) %{?0
respectively. The results are shown in Table 1. WD 01/ 607 ’B (@gb/02401
-25- Table 1 Oxygenate Oxygenate Oxygenate Proportion Partial WHSV PPVCF
Conversi o Ethylene Propylene POS ~ Selectivity Selectivity (wt | ndex
Pressure (hr) (1/psia-hr) n (w % (w-2§-/.) (psia) (wt /.) 0.5 60 1140
19 82 32 47 79 0.57 80 1520 19 73 31 44 75 0.625 100 1900 19 76 29 47 76
5 The data denpnstr gherdabier éfinait habliewed tkiulgh & ¥/80fcagiRag b@MnIGE5EA linYi t Y
perfornmance wth correspond| ng increases in reactor capacity. By increases

in reactor capgRdyoq°s whesit Wanmixedanth 150 SEEM pEhsligw. é*'eactswsau@ed fromthe

same  reactor \gluiis on the/susR ﬁﬁ@&ﬁnr@ﬂ’&f éidt%régurexxgﬁﬁﬁ{eﬁm%? RV §6 ON
process conprisi ng a fixed reactor vol unme use present invention to

i ncrease 10 val eva@t]?w@ﬂtOfar&aﬁphrn@atsz@eb&Cmamnbm SYFQ#BUH?"\C@ subst anti al

cost for ingreaghfithg & Q&hRTudéd tWEBbfRfled @angaeana@weurpmh rRRctor, or
| engt heni ng an existing reactor, anong other nethods I's exanple is

denonstrat ed a vpes Vergicanaply of samplingithece w%averﬁemecendSt A&e sampletwesa with a

stabl e conver s Qfh&iSn WienfichaPsaiipfObsps. RS 9 YstlRl Vias!Rialidq OXygenal e
partial pressure and WHSV ranges. 15 Exanpl e 2 t| ve spl acement punp

was used to delat 3¥F¥C] Samples werelsshsequently mmwsltﬂanthef(é@dndmab'zcdm@hﬂgh a 1/8"
capillary stain]ess..siga [ine up to a 4-part

10 Methanol rate was typically 0.7 g/min and catalyst was adjusted to obtain
the desired WHSV. Reactor temperature was first stabilized by flowing helium
through the reactor and flowing methanol to the vent (i.e., port 4 of the reactor
inlet valve). The runs were started when the reactor inlet valve was switched to
allow methanol to flow into the reactor. This automatically activated the GC

15  sampling system. The results are shown in Table 2.



Val com val ve, which was connected to the bottomof a reactor. The nethanol
20 line was connected to port 1, a heliumline was connected to port 2,
port 3 waswomemeveet ed the reactor inlet, and port 4 was tperRez4olNE ,
reactor, a 1/2" x 1/2 ft stainless steel tube equipped with a 1.5" heating
bl ock, was positioned in a resistive furnace, and kept at constant
tenperature for isothermal operation. A glass wool plug was used to
support the catalyst bed. A 25 5-poin57internal t her nocoupl e was used.to
record and control tenperature inside® the catalyst bed. WO 01/60770
PCT/ USO / 02401 -26 The reactor effluent was flowed through a 1/8"
capillary stainless steel line kept at 300C where it was m xed with 150
SCCM of helium A backpressure regulator on the effluent line controlled

reactor pressure- sHpst+reamof—pbottr—70TS st iov to a gas
chromat ograph { G sanpllé Ng | YSd e8] e gqa\{(o:gg\e T i Bhedydtem i ncl uded two
aut omat ed 16- pp&ts V&l ™M waRjes = e erliass .g"\/@@s 'e capabl e of
. 9! =—]wv|\o o | < & 00 <a) .
sanpling the ef ?‘Iﬁaﬂt \aevery & [Fcohds ™ |The~ sanl|&s| were = litspl ated in
conventional sanplé loadps| Thd GC Ea S gainthi ned at 300C.
Sanpl es were subsEgauendfl.y|.j.nied ;e\di,tﬁc;h\e. Angl .analiyzed| at the end of
each run. 10 Mp#ih&ns) g}a%a% J@s%ﬁp Dok }E(&fi An iaw%t éatiga yst was
adj usted to obl%if|<t|Re ApSi Fad \WHEY| TREAR b¥ | Fqmpiet ablrd was first
stabilized by {Ldé4ng helluwm ltHrolgh tthel rbea¢t-granrd—fl-gmng nmethanol to
the vent (i.e.| pait (4 |of| thelreactal . [ioletf.. legﬁi Ihe Jryps were started
when the react op, ENREE e Reas| S b SHE & p< allg\o\%t%;aﬁ}) to flowinto
the reactor. Thpsg Xt Ohel | ol |y [48 [y & S5 [ Ae R0 (1B $3M1&F hg system The
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do d The data in Table 2 demonstraté the improvement in POS occurring at

PPVCF of about 0.1 and greater. In addition, they support the data provided in
Table 1 indicating a stable POS when maintaining a PPVCF of 0.1 or greater. For
example, note that in Run 7 and Run 14, with close PPVCF's of 0.13 and 0.17,
respectively, the POS are stable at 68.1% and 68.5%, respectively. Thisisa
remarkable, unexpected result considering oxygenate partial pressure and WHSV
differences of a factor of over 2.5. Run 7 and Run 14 also demonstrate an
instance of the present invention providing stable conversions of oxygenate
feedstock, and again demonstrate the unique capability of the present invention to

provide high POS with increasing reactor capacity, as discussed in Example 1.

Having now fully described this invention, it will be appreciated by those
skilled in the art that the invention can be performed within a wide range of
parameters within what is claimed, without departing from the spirit and scope of

the invention.



OGCG a oL0OOOOOOOOO0O a..rOO0OCOOOOOOOOOOO0OtoV) VI W a
N b~0 n. O WD 01/60770 PCTIUS01/ 02401 -28 The data in Table 2 denonstrate
the i nproveventsorra POS occurring at  PPVCF of about 0.1 gpqqahfah@r- !0
addition, they support the data provided in Table 1 indicating a stable
POS when mai ntaining a PPVCF of 0.1 or greater. For exanple, note that in
Run 7 and Run 14, with close PPVCF s of 0.13 and 0.17, respectively, the
PCS are stable at 68.1% and 68.5% respectively. This is a renarkabl e, ‘
unexpected result considering oxygenate partial pressure and WHSV
differences of a factor of over 2.5. Run 7 and Run 14 al so denponstrate an

i nstance of the present invention prawyoedi ng stable conversions of oxygenate
f eedst ock, and agai n denonstrate the uni que capability of the present
invention to WhR\M$éigintdght POS with increasing reactor capacity, as

di scussed in Exanple 1. Having now fully described this invention, it wll
be appreciated by those skilled in the art that the invention can be
performed within ajw dea a8 f&f makidy A8t RoducirbRial oiithate Toftail \/'%E

wi t hout depart.i ng fromthe spirit and scope of the invention. 01/ 60770
PCT/ US01/ 0240 feedstodk. compiisings ¢l ai med is: 1 1. A method for naking ol efin
product from an oxygenate-containing 2 feedstock, conprising: 3 providing
a non-zeol gt e cat aprpsidingan@n-zeolite catalyst; and :

4 contacting the catalyst in a reactor with an oxygenate-containing feedstock
5  at an oxygenate partial pressure of greater than 20 psia, a weight hourly space

6  velocity of greater than 2 hr’', and an oxygenate proportion index of at least 0.5,

7  thereby forming an olefin product.

[

2. The method of claim 1, wherein the oxygenate partial pressure is at

2 least 25 psia.

1 3. The method of claim 2, wherein the oxygenate partial pressure is at

2 least 30 psia.

4, A method for operating an oxygenate to olefins reaction,

2 comprising:

3 providing a non-zeolite catalyst;
4 providing an oxygenate-containing feedstock at an oxygenate proportion

index of at least 0.5; o,
6 contacting the catalyst and the oxygenate-containing feedstock in a reactor

7  and providing product from the reactor having a prime olefin selectivity of at least
8 45wt.%; and

9 maintaining a partial pressure-velocity.compensation factor at a level of at
10  least 0.1 psia’hr™! by controlling weight hourly space velocity and molar flow rate

11 of oxygenate to the reactor.



4 contacting the catalyst in a reactor with an oxygenate-cont ai ni ng
feedstock 5 at an oxygenate partial pressure of greater than 20 psia, a
wei ght hourwgosgame 6 velocity of greater than 2 hr"', andcpis@pygenat e
proportion index of at least 0.5, 7 thereby formng an olefin product. 1
2. The nethod of claim1, wherein the oxygenate partial pressure is at 2
| east 25 psia. 1 3. The nethod of claim 2, wherein the oxygenate parti al
pressure is at 2 least 30 psia. 1 4. A nethod for operating an oxygenate
to olefins reaction, 2 conprising: 3 providing a non-zeolite catalyst; 4
provi di ng an oxygenat e-contai ning feedstock at an oxygenate proportion 5
i‘ndex of at least 0.5; 6 contacting thgocatal yst and the

oxygenat e- contai ning feedstock in a reactor 7 and providing product from
the reactor; having p“’l"?i%ni}h{%ﬁ'o’f'cﬁﬁrln e%ﬂevé,ﬁmegﬁn@tprk@aétvel&n% wt.% and 9
nalntalnlng a partial pressure-velocity ensati on pr at a level of
at 10 | east (Ocompgsa$ationfactopis maipaingd pqqiqu}\g?g#ﬁasq{bmp%a é‘ba‘&)é vel oci ty and
nol ar fl ow y at 5 USO
To2d01 | o3¢ & @nudifing theysiaRgs, ‘???ﬁt‘%% gﬁ‘?ﬁlaiﬁ%gﬁé Ol Bt
pressure-ve%odmtymdgrconpensatlon factor is maintained at a | evel of at

| east 0.15 psis-lhr' by 3 controlling the weight hourly space velocity and

nmol ar flow yate of @xygamahfiHod of ¢aih®, Wh@eih Qe pakidd p re?h@e-ﬂﬂb&i@d of claimb5
, Wherein the partial pressure-velocity ensatlon fagtor ﬁ mai nt ai ned

~at a level of wmpeawgpn @c@rb‘sfl‘aé"tﬁ't"edW'EﬁhPE% fa5ty? P2 e WETHRU M our | y

space vel 0cj t yinaQdighPhdirlyfshRW veRtiey £id RoIIRNGak df@x%ébﬂaﬂé@@ﬁk@é’actoﬂx 7. The
nmet hod of any one of the previous clains, wherein t

oxygenat e- contalnln feedst ock .has an o enate pro i on index of at
least 0.6. 11 8. The net'fiefedid 2?“8ﬁ5 3*%WH3“EF§GP§ I M1E, wherein the

2 oxygenate-containing feedstock has an oxygenate proportion index of at least 0.6.

o

8. The method of any one of the previous claims, wherein the

2  oxygenate-containing feedstock has an oxygenate proportion index of at least 0.7.

1 9. The method of any one of the previous claims, wherein the weight

2 hourly space velocity is in a range of from 2 hr! to 1000 hr.

1 10. The method of any one of the previous claims, wherein the weight

hourly space velocity is in a range of from 5 hr”! to 500 hr.

11. The method of any one of the previous claims, wherein the
oxygenate-containing feedstock comprises at least one compound selected from
the group consisting of methanol; ethanol; n-propanol; isopropanol; Cs- C2o
alcohols; methy! ethyl ether; dimethyl ether; diethyl ether; di-isopropyl ether;

formaldehyde; dimethyl carbonate; dimethyl ketone; acetic acid; and mixtures

O Vv A W N =

thereof.

L

12.  The method of any one of the previous claims, wherein the

2 oxygenate-containing feedstock comprises methanol or dimethy! ether.

1 13.  The method of any one of the previous claims, wherein the non-

2 zeolite catalyst comprises a silicoaluminophosphate molecular sieve and a binder.




2 oxygenat e-contai ning feedstock has an oxygenate proportion index of at
least 0.7. 1 9. The nmethod of any one of the previous clainms, wherein t he
wei ght 2 kauleyrrepace velocity is in a range of from?2 ?cjrﬁ} 8‘,\%900 hf 1 ‘1
10. The method of any one of the previous clains, wherei ARt dht )
hourly space velocity is in a range of from5 hr'l to 500 hr'. 1 11. The
nmet hod of any one of the previous clains, wherein the 2

oxygenat e- cont ai ni ng feedstock conprises at |east one conpound sel ected
from 3 the group consisting of nmethanol; ethanol; n-propanol; isopropanol;
C4 - C20 4 al cohols; nethyl ethyl ether; dinethyl ether; diethyl ether;

di -i sopropyl ether; 5 fornmal dehyde;.¢ghijrethyl carbonate; dinethyl ketone;
acetic acid; and mxtures 6 thereof. 1 12. The nmethod of any one of the
previous ql ai ms, wWper erhe mbfiod 8f@ai¥19@n&h€reiﬁ(?ﬁhtﬁl'id&hﬂ9mfdiﬁ haek conprises
met hanol or di rreth | ether. 1 13. The met hod any one of the previous

cl ai ns, \Aﬁeré‘i“ﬂequﬁés‘ﬁ%‘SE"li‘é%ﬂ f’?'ﬂt'&ﬁf%ﬂws@tﬂﬁﬁ SAB9-% SAPO-8,

silicoal uni NGRS PHAAP 0T, SAWRI7, %lA@bels’ﬂ@ﬁm 2 Bﬁlﬁme\@AﬁélﬁOWO
PCT/ US01/ 02401 -31 1 14. The method of claim 13, whefein

si 1i coal ufli nAYREHhSARO-36, SHPO-3, SAPOL, SAPY-He SARDAD, SABQr‘Hhe gr oup

consi sting ofsAp&y4> APMMI contatfingforis therdol mitures Mierkof ‘and SAPO- 18,

SAPO- 20, SAPO 31, éAPO 34 SAPO 35, SAPO 36’ SAPO- 37, 'SAPO- 40, SAPO- 41,
SAPO- 42, SAPMtgrgrowths therpes 47 SAPO- 56, netal containing forms thereof,

m xtures thereof, and 6 intergrowths thereof. 1 15. The nethod of any one

of the previous chsi MBTheVA&h&H érahgen@omw&enaﬁﬁdﬁﬂetme%m&ef eedstock is
contacted with the silicoal um nophosphat e catal yst at 200C to 700C. 1

16. The nét hea-‘/&?f’atamme‘ﬁ@g&edftﬁ@( ﬁSF%ﬂ%?%%W'é*P the siicodiyprainaphesphate 2

oxygenat 6300@5@|y§ua[lgodoqu$@(p@k is contacted with the silicoal um nophosphate
3 catalyst in a reactor at an—average gas superficial velocity of greater
than 1 meter 4 per second. 1 17. The method of any one of the previous

cl ai s, fdrther qumr |'g}}er1©ethod of any one of the previous claims, wherein the

2 oxygenate-containing feedstock is contacted with the silicoaluminophosphate
catalyst in a reactor at an average gas superficial velocity of greater than 1 meter

3
4  per second.

.

17.  The method of any one of the previous claims, further comprising

2 separating prime olefin from the olefin product.

1 18.  The method of claim 17, further comprising separating the prime

2 olefin into ethylene and propylene containing fractions.

1 19.  The method of claim 18, further comprising contacting the ethylene

2 or propylene with a polyolefin-forming catalyst to form polyethylene or

polypropylene.

20. The method of claim 4, wherein the catalyst and the oxygenate-
containing feedstock are contacted in the reactor and the product from the reactor
is provided at a prime olefin selectivity of at least 62 wt.%; and the partial
pressure-velocity compensation factor is maintained at a level of at least

0.1 psiahr by controlling weight hourly space velocity and molar flow rate of

AN WU A WO -

oxygenate to the reactor.




2 separating prine olefin fromthe olefin product. 1 18. The nethod of
claim17, further conprising separating the prine 2 olefin into ethylene
and propyl #916817Pai ning fractions. 1 19. The net hod of AGTUOYEA0Y yrt her -
conprising contacting the ethylene 2 or propylene with a

pol yol efin-form ng catalyst to form polyethylene or 3 polypropylene. 1 20.
The nmethod of claim4, wherein the catalyst and the oxygenate 2 containing
fleedstock are contacted in the reactor and the product fromthe reactor 3
is provided at a prinme olefin selectivity of at |least 62 w.% and the
partial 4 pressure-velocity conpensation factor is maintained at a |evel of
dt least 5 0.1 psia hi' by controllindgd?wei ght hourly space vel ocity and
nolar flowrate of 6 oxygenate to the reactor. WD 01/60770 PCT/ US01/ 02401
-32 1 21. The et hat of The methedof cla«mépe‘ﬁ’hﬁ?'ﬁé“e&é@bﬂsy&ﬂd the Y8 exy genat e- 2
cont ai ni ng,f 6%8',%%2 fg{dﬁoglpﬂie@&ﬁt%{ied it tﬂeh’@ac’icﬁ%ﬁ& fife pratfhct fin BeGeli¢tdr from the
reactor 37is provi rime olefin selectivity of at |least 70 wt. %
and the paBti adprdvnpccb@smr@e\mfumeteymetamﬁeﬂwt 7ont. ?’*aé%‘bﬁheipémﬂlal ntained at a
| evel of a%dl Saal %bglé' c%ﬂg@ns%ﬁ&n thetBVis GREHtiiRdd deRdeviBbitiealtour Iy space

velocity a RoTarc 1 ow rat oxygenate to the reactor.
0.15 psia “'hr'! by controlling weight hourly space velocity and molar flow rate of

6 oxygenate to the reactor.




