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METHANOL PARTI AL PRESSURES This i'nvention relates to a nethod for
converting oxygenates to olefins. 5 Mire particularly, .LI?I i@ ention
relates to controlling the reaction process to maintain ﬁ@ﬁ@ I
pressure-vel ocity conpensation factor of at least 0.1 psis Lhr such that a
prime ol efWQ018817kctivity of at |east 45 wt.% can be nRETASAVREY. O efins,
particularly prine olefins (i.e., ethylene and propyl ene), have been
traditionally produced from petrol eum f eedst ocks by either catalytic or
steam 10 cracki ng. Oxygenates, however, are becom ng desirable feedstocks
for making prine olefins. Particulardy desirable oxygenate feedstocks are
al cohol s, such as nethanol and ethanol, dinethyl ether, methyl ethyl

ether, diethyl ether, dCAEADYTIC BRODUCIION GFOLERANSy! formate. Many of
these oxygenates can T BIGHMETHANODPARTIAL PRESSURES our ces i ncl udi ng
synthesis gas derived fromnatural gas; petroleum 15 |iquids; carbonaceous

mat eri al s, including, coal; recycled stics; municipal stes; or any
appropriate or ganf Bl ¥gmipn E?F’.‘”%b’c‘af}‘é‘gil%‘fmf“ﬁgi“&fﬂ@c?fé‘g?‘b?]fﬂl\%f sour ces,

al cohol , lagcqm}l: pgft?,@jla},‘@,tmuﬁmntaﬁeﬁlmhf@ng?m@?h?meesfqoom sgn as an f
economi cal, non-petrol eum source, for |i ol ef i n. praduct i.on. e way o
produci ng ol engin{&n a gartis] presgyr ‘é‘f“&FW“TPe'b"g‘fﬂ?Mr #f‘lf?“ﬁgtﬂﬁ‘am 20 using a
Pat ent o, e e Tl ol oL 1ot {r.om ot hanol
at en . 4, , o Kaiser, di 0ses i ng ol ef i r.om net hano

usi ng any of a vapl"@t”grpﬂ'f'%@%Pégiﬂ(h‘?" %?E{}’eﬂ’@amw’j‘?"ﬁ%“ process can
be carried %HitiaﬁallggioﬂméﬂfE@ﬁ%]&ﬁﬂiﬁ@l@tﬂcl&@ﬁﬁth@ﬂ"&iﬂ@ﬁ@&stampressure bet ween
0.1 atnosphere to 0 atnpspheres, and a we @Eﬁtﬁlho r*gg‘gﬁace velocity
(WHSV) of 10 25raskingue@yyaenates, iqiyeven off; beconjing q'@"b %?ﬁﬂgﬂ PBbl e to make
prinme ol ef i NS ofefih€ FaktRilaN U SbabRIIRY RS feeddfocks ah adohdlgsiidhak pressure of
feedstock, since a greater mass of feed toy&k caJ] P)ﬁ no%ie(gththrough a given
reactor si ze/meshanelandethanolydimethy} ether, methyLethy] ether dicthyf ether, dipethyl o "o i g ot 4
| over partial%,%ﬁe’s, Hﬁn&lﬁg!?&ﬂdﬁ.tﬂsﬁ?-ofﬂieiﬁky@hms&hxybeﬁrwucﬁm:im/en mass 30 of

€ processe

feedstock to t hrough a, reactor, the Er;actor si ze at a higher

partial predsurey of sopeesiagusing sfithasis gas Wiﬂéi“ nARIER! BASSRETREMR hsi ve rel ative
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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 & lower partial pressure of feedstock. Aitmnativcly, 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.



.2. It is also desirable to operate a reactor at a higher weight hourly
space velocity (WHSV). Operating at higher WHSVs will enabl e the reactor
volune and catal yst volume to be reduced for a given |evel of production.
Further, it is generally desirable to operate a reactor {JsAUfdlfi rel atively
low 5 proportion of diluent. As the diluent |evel increases, reactor

vol ume wi | YOOU®ssarily increase, without a correspoREHYPHY ease in

f eedst ock t hroughput capability. The use of significant quantities of

di luent also increases the conplexity of the overall process of producing
olefins in that the diluent nust be separated and recovered, which
requires additional facilities in tR&-production 10 process. Reaching it
nore desirable | evel of higher feedstock partial pressure and WHSV, at a
relatively | ow di [Iulsalso desingbiartd operatomreactor at floghef weight hpurlytspasal arly  desirabl e

In order to ingrea omer cial ' Il | es as
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di l uent content of .the feedstock nma lso _incr i al pressure of
oxygenate to HCPISlly ficrease BV?E%%?@“%"?%”&"%?SE%%B@% u})f selectivity
to prime ol ef capabilithi Thé wse bsignifivant gamtitiey of dikieMMBY inceeyses thesul t i n decr eased

oxygenat e conversion. .Therefore, operatin ar.afjet.er s, a eded in order
to maintain a WBP%‘%BW@”%F“BE T cwgglfﬁwlg{ﬁtet@ 'lﬁ{'/’f: tsnuls{r]f% oxygenat e
conversi on pr gepersea snd reldvered)ivhich reghiees additionalcfadilities ingle prédugtiopgenat e

f eedstocks .to produce prime olefins will not exceed desirability over
conventiordl P &®het rol eum processes. In order to maintain desirable |evels

of prime ol efin saleactingw ote dedirablecleval yfthighed feedstock paaiat presgurexygenat e t o
erbod ment o WHEDh8tP FBRIRY RGRBI BT BB epro iy oS 11 one
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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 preduct from
an oxygenate-containing feedstock. The method comprises providing a non-
30  zeolite catalyst; and contacting the catalyst in a reactor with an oxygenate-



hourly space velocity of greater than 2 hr', preferably in a range of from
5 W to 5 1400 hr 1, nore preferably in a range of from5 hr' to 500 W It
is also desirable that the oxygenate be supplied to the reactor at an
oxygenat e proportlon index of at least 0.5, preferablyldtAUbdélt 0.6, nore
preferably ﬁto @z@ 0. 7. The oxygenat e-cont ai ni ng feedstocmé)qr ef erably
conpri ses ] t one conpound selected fromthe grB Ist | ng of

met hanol ; et hanol ; n-propanol; 10 isopropanot; C4 - C20 al cohols; nethyl
et hyl ether; dinethyl ether; di et hyl ether; di-isopropyl ether;

f or mal dehyde; di nmet hyl carbonate; dinmethyl ketone; acetic acid; and

m xtures thereof. It is particularly3desirable that the oxygenate be

nmet hanol or dinmethyl ether. The non-zeolite catalyst used in the process
preferably compnwmegﬁeadstcﬂ:[ﬁasunloummtwmmwmphw@tm&eé@mm sieve and a

bi nder. Desi rabI | ar sieve is selected from

the group con rlg& %ﬁ%ﬂgg'@?é)&% gmﬁggpﬁ' SAPO- 16, SAPO 17,

SAPO- 18, SAPO- 20, Ekl%@nraﬁlt thaBhPGtdlyst b&m@mﬂﬁmf@m& QSAP@BBW SAPC- 40,
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;Sggstggkl is caole?s&&ﬁﬂntefmblhatltalsd)fsmoreqm&mhhﬂdﬁpﬁt@s”phate cat a:cyst Ftt ZPOC to
: n an al tgrnat Eﬂgﬁ icial velocity

i's nmaintai ned abo oxy#ﬁnﬁf%ﬁﬁw B%Qﬁe&%? &%E)%g%t e- cont ai ni ng

feedstock i s mompmﬂmjbcwdlﬁbnmhmmplmmahgnﬁmﬂpmmlen prapasplyst in a

react or S r r an 1 neter per

@etm 1R e, d ke 1%%‘?.1.:991“&%1,@:1& didhy? kinbed

second. Perna ['s inventioh provides a
met hod 30 f ordn-apprbpm euhg', &maide}lmanamethylmwsfel dimethyketone; acetithe net hod

conpri ses provi |n NOR-Z8§0
oxygenat e- cont®™ 8 it &’?‘"e'e“ ckha't an- o@%%‘#?&hx&q%% 01/ 60770
PCT/ USOL/ 0240 Imethadoipr dipethyl ether.i ndex of at | east 0.5; contacting the

catal yst and the o nat e- I D s ' tor and providing
product fromthe rﬁe&%g-;&ﬁl&véﬁgh?swﬁﬁ%ﬁéﬁ%&%k@ﬁﬁgfgﬁg@ﬁ%f‘fy (PCS) of at
| east 45 wW§ %snlmﬂhmarbphbwhmb mgleaulqp aieve aad a bipdeesBesirablyel ocity conpensati on

factor at ale of a S dsl i ght hourly
space vel oci ti’ Q?"Psﬁﬁ" %DMNQ%QS Mectgﬁégrﬁdﬁ%% ssg%cdt%gr

SAPO-S SAPO-8, SAPO-11, SAPO-16, SAPO-IT 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 It is 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 silicoaluminophosphate 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



In a preferred enbodi ment, the weight hourly space velocity and nolar flow
rate of oxygenate to the reactor are controlled to naintain a parti al
pressure- velocity conpensation factor of at least 0.15 psia hr', nore
preferably at least 10 0.2 psis 4hr'. In controlling Iﬁé\Uﬁi@ﬂ@enate to
olefins r | process it is particularly desirable to operate at a
relativel ;E/‘Qﬁ%ﬁ%gxygenat e proportion index. Particul aFW’UMH@é‘FrabI eisto
operate at an oxygenate proportion index of at |east 0.6. Even nore
desirable is to operate at an oxygenate proportion index of at |east 0.7.
15 The oxygenate to ol efins reaction process can be controlled over a w de
range of weight hourly space velocit-4es. It is, however, particularly
desirable to operate at a weight hourly space velocity of at least 2 hr'.
Preferably, t popptiorindex ofiatleasph®s; soaterting the caiplystbnd theswrygepatepace vel ocity in
the range of f : ' ‘ i : : e of from5
hr' to 500 hr,@%ﬁq_ﬁ%ds{&g@gh%%ﬁ%ﬂp%@ﬂj& eéﬁﬁgﬁzﬁor%\g@gccordi ng to
the nethods primepléSulseleptidty{POSNAE aidedstts| wide andhmainipiaing p pyiilduct nade

directly fromthe  oxv. | -8, the derivative
products of thécs%ﬁ ne gf%pggéﬁﬁ%%ﬁ?eﬁggggﬁ%?'ilﬁk a}f}.gﬁ’part icularly

desi rabl e pBr odonttolling/ieight hourly $paceyelocityaad molar tow ratecof pxygemstedp thei ns of this

i nvention. 25 particul arly desirably enbodi nent, the catal yst and the

oxygenate- co I'ning feedstock are contacted in the reactor and the
product from the riaagraforred embqslirant, dhedveight hougy snaee vslocity sndamolasct i vity of at

| east 62 wt. % ' - |atnYairf ' factor is
mai nt ai ned at%g@?ﬁe{sé{ﬁx#ﬁgt%@é%rst %%%@fog%ﬁ ayya(l:onér(;&f] I ng wei ght hourly
space vel oci t yelagity compensatioh Gagtor eftableast 0.13psia0 Ry goorg peefarably at leasteact or .

Pr ef er abl Yro tpgﬁﬁqﬂuct fromthe reactor is provided at a prinme olefin

selectivity o l'east 70 wt.% and the partial pressure-velocity 1 7 AUG
2004 WO 01/ 60770 PoTokteiingdR48ygendic oolefiesreartivmprodessat s particulathi nt ai ned at a

vel oci ty and ABvapeiqopefie MauveiphupEahinte poptudihatl paiher, PEC0
provi des a metdksireblé isrto oprentesdt hmoxygemais propertion wdwxef o lessti s Even marever si on
Gesi rabl e pr AERfEpTy SHBEE R bberdBRpbdstn hectru iy, 02, B0 1T ) T
olefins risfer to THeaxygendse waldfinsreutionprageseme basmdtrglled pydramidsi n t he product .
TR, P PR Yo i R MR D bty o T percen
i s defined i nopeatest ackeight 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 hr™ to
1000 hr”', more preferably at a range of from § hr” to 500 hr”.
20 The invention also includes products made according to the methods
provided. The products inciude 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 particutarly 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 compesnsation 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



10 the products of the reaction only, and unreacted feedstock and dil uents
are not considered. The wei ght percent selectivity of a given species in a
reaction product is determ ned by taking the weight percent of that
species in a reaction product and dividing it by the sdm bib He wei ght
percents of all non-feedstock and non- diluent species in the reaction
product. 18C¥H®8xygenate to ol efin conversion reacti BRIVSI4¥onpl i shed
using a non- zeolite nolecular sieve catalyst, with the feed conprising a
relatively high concentration of oxygenate. The high selectivity to prine
olefin using a relatively a high concentration of oxygenate in the feed is
provi ded by controlling given pararéters within a desired range. 20 In one
enbodi ment, prinme olefin selectivity of at |least 45 wt.% can be achieved
by control | i ngonpehsatiorf facior is maintainéd @ yeyelrudistdeatal Stpsia T by eact or and wei ght

hourly space velogity .(MHSV) . As def.i ned herein L ght urly space
velocity is &@Ff’ﬁ%xgg}.’t h?\}/%isﬁ?‘ff v% °“6>?9‘8'8@&&‘§"‘%’8‘8\3f%’gf§%“8&3%@8tor per hour
wei ght of reaeda¢tore hydrocarbon fed to the reactor per hour) weight of
nol ecul ar sieve withi.n the reactor The. nol ar. flow rate of .oxygenate fed to
the reactor and t '%‘l’ewpﬁ%ﬁcﬂf§/m°'§3°ef§b?f€'é“&%ﬂ"6’5¥§°§}“%f'°e°klﬁ§s be controll ed
above a m 8i NMosnversipyractiph apovidearsubstarliial qaantity (ice., ighisetetivipgiof | al
pressure-vel ogity. conpensation factqgr. Th X at.e pro tion index is
Gef i ned her e fesitble e cigha compoundin Bie prseliel AR Bt PEMEBIEIS 1) o5 of
oxygenat e f edrefed td thecontbimatian of pthylelecand propylénesn thé prodyey eTims,ritmed to t he
diluent fe hour) Preferably,

reactor per hou Les.o to.t.he reactaor .per.

t he nol ar floﬂ’eﬁﬁfegﬂ)‘f“yé ned a8 ef‘@ﬂl"&k‘f’ﬂ@“?’ﬂ&%‘? iedé‘ﬂtsufhe wei ght hourly
space vel oci t gthyleneaadpropyiéne th therproduchadearh.n Selectiyigicie définepinagresbf on i ndex is
mai nt ai ned, at ,a |l evel aof at.least Q.5 r referably at |east 0,6, nost
pr ef er abl 3°at tt\‘@ﬁ’?\‘g’tff%e r?"‘i‘??e"“%a?’%i"ﬁ‘“%&efeg?ﬁ -ﬁ%%ﬁ'@?{?f’@%‘pensat i on
factor is def idnsidertd e weight pekbkiibveletitivitydefd ghyn speciegiar rdactionpradagur e of t he
oxygenate at t oses_of this. .invention, the

inlet. E t h
parti al pressﬁ:}%ﬁ%ﬁ?gr‘%b‘%ﬁ%ﬁ@%%@%&“ﬁﬁ%@?%‘“a’?ﬁ"?’i"’ﬁgmg‘écltcul ated as the
total nol es ohndadividiglinbethé amtofitite wdight pecentsof allxon-féedstockiandmen- t he t ot al

reactor pressyre, that,.product diyided by the total nunber of noles of all
10 speci es toH"E“ﬁgtsP?éFEf F’"ﬁ@%%&!&l n the event a total pressure gradient

exi sts inishe The oxygenate to olefin conversion reaction is accomplished using & non-
zeolite motecular 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
a3 minimum partial pressure-velocity compensation factor.
The oxygenate proportion index is defined herein as:



reactor, the total reactor pressure is determned as the | owest pressure in
the reactor, usually at a reactor outlet. In the event of nultiple reactor
inlet |Iocations, the noles of oxygenate feed to the re?gth&r i s determ ned
as the sumof the noles of oxygenates to all inlets to Ori8Mct or per
hour, and the total noles of all species 15 is determ ned as the sum of all
the nol es CPPWE¢&ies to all inlets to the reactor per PCHOWH240y of er abl y,
the partial pressure of oxygenate to the reactor is at |least 20 psia, nore
preferably at |east 25 psia, and nost desirably at |east 30 psia. The
partial pressure-velocity conpensation factor is defined herein as WHSV

di vided by the partial pressure of the oxygenate to the reactor.

Preferably, 20 the nolar flow rate of oxygenate fed to the reactor and the
wei ght hourly space vel oci inbledlofoxygdnhte fddlt@the Fdetbr petitdur t he parti al
pressure-vel oci ty conpensaten—+facter——+s—aiptarned—at [east 0.1 psis'hr',
preferably at |east 0.15 p@nhaléshofoxygenateded tpthefractaipeyhatr | east 0.2 psia' hr',
and nost desirably at least 0.5 psia hr'+ In certain desirable

enbodi nents, the reactor w mblebef diipen fetl extheteacorpertioudl pressure 25 vel ocity
conpensation factor of between 0.1 and 100 psia' hr'', nore preferably

bet ween 0. 15 and Foefesbly themglardlow ratooff oxpigesite fed kothbmesierand he 2 and 25

ori e of of i n uEp bl eVt PR R e pfonbullFe, 50 BTl

pressure-vel omdtxynsmmmaméutmimldfatlcmﬂémwrafemblmmoﬁ, . For exanpl e,
a prine ol eflﬁf 6’ e%k of at | east about 62 w.% can be naintained by
mai ntai ni ng the partial pressure-velocity conpensation factor at a 5 | evel
of at |easf 0.1 pdJihapirtial pressureevefpcity eompensytion factas isslefined berein@s 15 psi a' hr' ' .

Further, & B WHRYU Al A srkdbe Honrk 88 e HUer fvor’s 020 De

mai nt ai ned by " mai ntal nrng sure-vel ocl ty conpensation
factor at a | theglrposes afithis -asmon,mcbsmplsxmmd'thm&"m withecadstoy at | east

about 0.2 psi h I \, ion is one
that incor por%f’%g&altwl%er?{ﬁi}%%tﬁ 'ﬁ/&%é&ﬂg#e"ﬁ ég%gpée@%&&?%@&tﬁpmé of nol ecul ar
Si eve conpri sthe total rdacteepressireygimg produst dividedrby phertotalwmber of mbles efattewor k

2 evcs ne 48T Heh8ah uR PR hourt BAAREH | Bl PRl eriRr GRALA 1 TO BCU! 2

si eves ar reparil ous m X ure of
phosphor us commmqgtﬁmmnmmdaMIMmthnhwcs!;pmsatemthg conmpound at an

A1203: P205 rml,egbrt? Sﬁ:&l@ a?Lp%ﬁ%Lﬁ crysﬁf@p@wl %agtonﬁ’lﬁg ,Q,t ai ning the

m xture at condi tlons sul sieve to
form Exanpl eﬂnemblesuﬁdxymhteﬁundmhmmgdctmﬂumd@smqmofth@mgilnbsed in US.

A

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 Jeast 0.1 psiahr!, 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 psia™hr™.



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

I ncorporated 20 herein by reference. Particularly preferred non-zeolite
nol ecul ar sieves include silicoalum nophosphate (SAPO nol ecul ar sieves.
The SAPO nol ecul ar sieves also include a [SiO2] tetrahedf AUGUGit in the

m croporous _crystal framework structure. The way Si is incorporated into
the struct YP&Y48 be determined by "Si 25 MAS NMVR SeECTé\JSJEW@II and
Patton, J Phys. Chem, 92, 3965 (1988). The desired SAPO nol ecul ar sieves
will exhibit one or nore peaks in the "'Si MAS NWR wth a chem cal shift
? (Si) inthe range of -88 to -96 ppmand with a conbined peak area in
that range of at |east 20% of the tot’al peak area of all peaks wth a
chem cal shift 4 (Si) in the range of -88 ppmto -115 Epm where the | (Si)
30 cheni cal shi ft sAdesired levab ofprimeralefin selectivityean hgmaintaigedb TVS) . 1 7 AUG 2004
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silicoal um nopﬁ%’sp @gﬁgﬁégﬁf%ﬁ&dg&g%&bgéeﬁﬂﬁﬂkﬁ? gﬁobig?]]\’)gwﬁ%n have a

rel ativel y | olevsi Fot éample, aprimieglefo sabectivity of Ridedstahoyt 62 Me“Sian el 2 ratio, the
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framework is erfective in converting various oxygendtes into olefin
products. The ppepdriy@]an aqueous mixturgof yphosphoms containingrompeundendank structure of

the non- zeol i’Eﬁ‘é‘ﬁ%{ fitinid ohfifa awﬂ&:ﬁ{csz\«ioﬁ?fkﬁpx%guwﬂaﬁt y_of

conposi tions. of ‘these alum'nunt cont al ni ng” conposi tions include
al um num al5k oxbait 8.3 snd maintsindg the mixture atronditipnsopitableder crystalsrafl them phosphat es,

a1 urm num cont SRl gl TuRbE o diitaRE IR, T
phosphor us- cowdiselpsed ingU.8 dtaprotNosi 43, 4A06H08RE 43pH6D pd. b 43,
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 preferred non-zeolite molecular sieves include
silicoaluminophosphate (SAPQO) molecular sieves. The SAPO molecular sieves
also include a [$i04) tetrahedral unit in the microporous crystal framework
structure. The way Si is incorporated into the structure can be determined by *Si

25 MASNMR. Scc 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 ﬁnge 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 ¢ (8i) in the range of -88 ppm to -115 ppm, where the ¢ (Si)

30  chemical shifis refer to external tetramethylsilane (TMS).



conditions to formthe nol ecul ar sieve. The [PQ2] tetrahedral units wthin
the framework structure of the non 25 zeolite nol ecul ar sieve can be

provi ded by a variety of conpositions. Exanples of these

phosphor us- cont ai ni ng conposi tions include phosphoric adi HAUBHGani c

phosphat es_suc s triethyl phosphate, and al um nophosphates. The
phosphor ou¥® %%ﬁ?ai ni ng conpositions are nixed with rE&E’ﬁ“W‘

al um num cont ai ning conpositions under the appropriate conditions to form
the nol ecul ar sieve. 30 In the preferred SAPO non-zeolite nol ecul ar sieve,
the [SIQ2] tetrahedral wunits within the framework structure can be
provided by a variety of 17 AUG 20048wWD 01/ 60770 PCT/ US01/ 02401 -9

conposi tions. Exanples of these silicon-containing conpositions include
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SAPO 16, S$APOyiof fame@orkss effsiveirmonvesing@arius oxygenates intp olefimpO- 35, SAPO- 36,
SAPO- 37, SAPO%@WSSAPO 41, SAPO 42, SAPO- 44, 25 SAPO-47, SAPO-56, the netal

cont ai ni ng f of hereof , m xtures thereof, and
The [AlO,] 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



intergrowm hs thereof Preferred are SAPO 18, SAPO 34, SAPO 35, SAPO-44, and
SAPO- 47, particularly SAPO 18 and SAPO 34, including the nmetal containing
forns thereof m xtures thereof and intergrowths thereof. As used herein,
the termnixture i s synonymous with combination and is ¢drdibd8lied it 30
conp05|t|on of tter having two or nore conponents in var |n9 proportions,
regardl ess WRPEOHR | physi cal state. The terminterg %‘F’“ﬁ nt er gr owt hs,
means WO 01/ 60770 -10 17 AUG 2004 PCT/ US01/ 02401 that the nol ecul ar si eve
is not a sinple mxture of crystalline structures, but that the nolecular
seive can have a crystalline structure having nore than one type of
framewor k. For exanple, a crystallin®-structure could have SAPO 34 as a
main structure, yet have SAPO-18 as an intergrowth or contained as part of
the overal | &mpositieral Examples of these siticon-containing campogitions priviude siligg PO) ol ecul ar
sieve i s anot I f I nmol ecul ar si eve
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enpirical chem on an an ,
a net electric charge dependmg on the valence state of the metal substltuent
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, SAPQ-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 SAPQ-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 proponions,
regardless of their physical state. The term intergrowth, or intergrowths, means



nR (MAI P:)02 30 wherein "R" represents at | east one organic tenplating
agent present in the intracrystalline pore system "ni' represents the

nol es of "R' present per nmole of 1 7 AUG 2004 WD 01/ 60770 PCT/ USQOL/ 02401
-11 (M,AlyPz)02 and has a value of fromzero to 0.3, {22 maxi mum val ue in
each case _dependi ng upon the nol ecul ar di nensi ons of Ub d | ati ng agent
and the aV3?1¥h % void volume of the pore system of FPHEVHEPMIcy| ar net al
al um nophosphat e i nvol ved, "x", "y", and "z" represent the nole fractions
of the 5 metal "M, (i.e. magnesium nmanganese, zinc and cobalt), alum num
and phosphorus, respectively, present as tetrahedral oxides. The netal
contai ning ALPOs are sonetines refert®d to by the acronymas MAPO. Al so
in those cases where the nmetal "Me" in the conposition is magnesium the
acr onym MAPO et thpmoleaudarsigve il pot asimpdashixtuesrpf crgptaliinestrugruresabadthat 0 VhAPO and
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cobalt respectively. Identify the various structural species which nmake
up each of thé&awewarkenEoriexamplens crysallinesiucturarmid lepe$ATQridias ayrO, each

species is asgj . | %gh %g;mllmtgggi d Boaf $BPLRmNas ZAPO-5,
MAPO- 11, @APW%H@ hg% ortﬁﬁg%ﬁl non- zoeolnft e prml ecul aFa sieves are
synt hesi zed byrysaliinestuetoreal hydr ot hermal crystallization nethods. A
reaction mxture i qﬁg } 24 t . Eﬁﬂfz}'r’éﬁn@d um num and
phosphor us corrpone'?ﬂgs}'?'ﬁa o%é?%ﬁdﬁfogﬁg%tsp\e}éem st gon or other reactive
met al  conponemnbodimaéndofip nenzeolitetmalecalsr sieavhich agn betused in thisdeyeptiany t he mixture
|s seal ed and i q%ﬂos p&%gg&mme&w%ewmmﬁm Srob¥ GaiiedHfich @R 1O a

tenperature o ea greferabl y trom 100-250C, until a crystalline
product is fohswedn ARG famewerkofheyisen kaveadditionsl plamptovithinthean t ake anywhere

from aroygd %a.nawrﬁ,wCﬁgfwsmf&ap&emﬁhaml@g@g%ﬁa&ﬁg, stirring or

seeding with crystadl material "wll faciliTale the formation of the
product. Typi eugsirgms to aouh angsioms, and aro eapable ef roakingisize sqlstiveor ned i n sol uti on.

L can 25 be JgGhuR LoD LRAE Mo B dp%%w@&g@crwgat i on or

filtration. T product can -al'so recover the sanme neans
and dried. Asrepomedsintiuding zeplite tapplpgical pnajogugsi drmqse detailed deseription efcover ed si eve
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making the in reaction m xture. crystalline structure essentially
wraps aroufd #AE0,448nwhigh is incaiporated herein by wferanes ia ithensirety Prefef®h ed so that the

mol ecul ar si eyepEARuGI Pl ALFRS 3pd. f1, ALPOYE AGRt31, 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 propertics similar to aluminosilicate,
aluminophosphate and silica-aluminophosphate molecular sieve compositions.
Members of this class and their preMtion 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,)0;
30 wherein “R” represents at least one organic templating agent present in the

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



WO 01/ 60770 PCT/USO01/ 02401 -12 activity. Once the tenplate is renoved, the
crystalline structure that remains has what is typically called an
intracrystalline pore system In nmany cases, dependi nglypsyg Zfie nature of
the final product forned, the tenplate may be too large to be eluted-from
the intracrystalline pore system In 5 such a case, the tenplate can be
removed byVE'¥WE® treatment process. For exanple, thECF@W§F le can be

cal cined, or essentially conbusted, in the presence of an
oxygen-cont ai ni ng gas, by contacting the tenplate-containing sieve in the
presence of the oxygen-containing gas and heating at tenperatures from 200C
to 900C. In some cases, it may be dékirable to heat in an environnent
having a | ow 10 oxygen concentration. In these cases, however, the result
will typical | Mol Fa)Oz19ndhie 8 yelpe efffromperorte i) the maximyny valuedngach&se conponent ,

rather than byedfin mmdmafai@grﬁtﬁﬂsofwta?&mmg@tﬂa%ess can be used
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pore system mypilabif seid ¥elumeof thy pore systern pf the particler metels, conpl ete or parti al
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processes such as k ! ng  standard zeolites. The reaction
m xture caf ceowtahiM’,dife megnesipmm.cmangansseazincsand gebait), elumisumpead st ructure

directing or s, ﬁ:s%&i\ﬁ: t L 0Qniad felthiidraPdXiled YPIi cal Iy contain nitrogen,
phosphor us, o>§<'y(£1s n, car on,ﬁhig/dr[(‘)gen or a coﬁbi nation thereof and can al so

20 contain at | easThedgwrtal sonkajnin spre sgmetimes refpried tobythe roMMPISNs bei ng
present in th‘ﬂ&e.@bk%ﬁ:ﬁ]ﬁPﬁEeVéasegfvﬁé%PtheMeM“Me?smﬁ-\_@c&n‘ﬁﬁlsiﬁéni?ore tenpl ates can

produce mi xtures of erent sieves or predomnant|y one sieve where one
tenpl ate i s nomanesismothg psronyen MARQ isagplied stheermpasgtion. Rinjlady EAPEt i ve tenpl at es

i ncl ude t gfor agiiAro MITORPY 'ﬂ?_e%?lﬂf;l& to tROcompEHRAE Whikh eftaftEzincam nomet hy|

cycl ohexane, piperidine, trie am ne,  cycl ohexyl am ne, tri-ethyl
hydr oxyet hy| aimapgancsand,eobalt respectiyelyr S identify the vanopssipctungl specisne,

i sopropyl am ngpRRchak OSBRI Ebdeheic €Rtses MAPOSZATS] CoRPDlaRd €S are
triethylam ne, cyclohexyl anine, piperidine, 'ifgyl:l di ne, i sopropyl ani ne,
tetraet hyl arr#ﬁ\#" Qneash pregies ig pysigngsha numberand is identified for examplpds o of . The 30

t et r aet hyl ammgnipgg 11, @APE84 b sodgiy! ammoni um hydroxi de (TEACH),
t et raet hyl armmoni um phosphate, tetraethyl anmmonium fluorjde, tetraethyl 17

AUG 2004 I® 01/ 607Te npesoligomlagylansieves argsynthesized by conventional
hydrothermal crystallization methods. A reaction mixture is formed by mixing

together reactive aluminum and phosphorus components, and optionally reactive
silicon or other reactive metal components, along with at least one template.
Generally the mixture is sealed and heated, preferably under autogenous p'rmsure,

20 o atemperature of at least 100°C, preferably from 100-250°C, until a crystalline
product is formed. Formation of the mystﬁlline 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 motecular sieve product wili 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 a result 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



ammoni um brom de, tetraethyl ammonium chloride, tetraethyl anmoni um
acetate. Preferred tetraethyl amoniumsalts are tetraethyl ammoni um
hydr oxi de and tetraethyl amoni um phosphate. The SAPQO IE Mtar si eve
structure can be effectively controlled using 5 conbiné?ﬂ@ g f tenpl ates.
For exanpkg O#Qﬂ? particularly preferred enbodi nent, _the SAPO nol ecul ar
sieve is Ru ctured using a tenplate conbi nation of nd

di propyl am ne. This conmbination results in a particularly desirable SAPO
structure for the conversion of oxygenates, particularly nethanol and

di met hyl ether, to light olefins such as ethylene and propyl ene. 10 The
sili coal um nophosphate nol ecular sievw is typically adm xed (blended) with
ot her materials. Wien bl ended,, the resulting conposition js typically
referred to asctiyitgApeseghetemplate is remaved, thssrystaing ?%'nguféé%mnﬁb”t he SAPO

nmol ecul ar Si eyfat i%ieﬂiy%ufed\ﬁﬂirﬁhcrfﬁmnb?mblsﬁ&dﬁd with the nol ecul ar sieve
can be various 15 inert or catalytical | '

| y actjve materials, ,of various
bi nder materials. HIfE8LCATEH depending upon g 'Ef&’é‘?fé%ﬁ'gﬁl"?‘{?ﬁ‘gé@l?&ﬁg%s kaol i n and
other clays, \iplaftifay HR150Iar@é to'bdleRited Komihe iifdcAkISlling Porédystemii hes, ot her
non-zeol ite catal yst ‘conponents, zeolite cat alelst conpgnents, al um na or
al umi na soP, 4chagass thotemplatgican beremoyed bya heptfrsatment poReess) FOTa - quartz, silica

or silica or giahipfedtht Gdmpladddn B8 dalcitied,or bis@tifIRf comblndsin @RppRARAt S are 20 al so
effective in reducing, inter alia, overall sf,cost,, acting as a

X [ cat al
thermal sink °f# Wﬁ“‘?‘ﬁ‘“ﬁ&’_&tbysq‘?mtmﬂ‘gtwg“% MPSEICHU g regenerati on,
densi fying thgnme@.ifmtox ofthlfih £ 3 afbhebtifaat témbersthre@igh P00°Clo i S
e

particularly desirable that the inert materials that are used in the
catal yst to a@@0°GsInsompessphait moy hidasisable to hestintan enyiraemeny hayingmdemn 0. 05 to 1

cal / g-C, re L ' -G referably from 25

0.1 to O. ggcap%?{?&rn%ghﬁuﬁlb%e%f%ﬁ ﬁo“%g%'rﬁﬁﬁllgé‘%o égg‘egﬁryﬂs%iaeve mat eri al s can

be incl uded abreskdown of thotemplats iSpPemallat componenic tthsbantiydhe or as separate

nol ecul ar sie I i ' ' t st if desired.
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Structural types 0 ecular sieves that are suitable for use
in this inventemomaliofithe trdwlaefiom theintra@piatiing poravistema frothacrases, sty  B1K, CAS,

CHA, CHI, DAC A, MON, PAU, PHI,
RHO, ROG THO?"‘@E@“TW’%@%T'%&of}lﬁg‘i Lol lebiean %1401 -14 substituted
forns t herléof agomplishedtalconvgptinwal desomsioh prorgsiss suches thesgused ismakings that  are

suitable for QQS i nvention include MFI, MEL, MIW EUO MIT, HEU,

FER, AFO AEL, X e{n(i' substituted forns thereof. These snmall and nedi um
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 hydroxyethytamine, morpholine, dipropylamine
(DPA), pyridine, isopropylamine and combinations thereof. Preferred templates
are triethylamine, cyclohexylamine, piperidine, pyridine, isopropylamine,
tetracthyt ammonium salts, dipropylamine, and mixtures thereof. - The

30 tetracthylammonium salts include tetracthyl ammonium hydroxide (TEAOH),
tetraethyl ammonium phosphate, tetraethyl ammonium fluoride, tetraethyl



pore nol ecul ar sieves are described in greater detail in the Atlas of
Zeolite 5 Structural Types, WM Meier and D.H Qd sen, Butterworth

Hei neman, 3rd ed., 1997. Preferred nol ecul ar sieves which can be conbi ned
with a silicoalunm nophosphate catal yst include ZSM 5, ZSkH#8g(peri onite,
and chabazite. The catal yst conposition preferably conprises 1%to 99 %
more pref¥PAYI5 o6to0 90 % and nost preferably 109PEHUSIORMIGY wei ght of
nol ecular 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 NOT,
nost preferably 50T to 150T. The catal yst can be subjected to a variety of
treatnents to achieve the desired {dysical and chem cal characteristics.
Such treatnments include, but are not necessarily limted to hydrothernal
treat nent, Caanenoevdim bnomldmewhemymirmmchlmﬂetmhw elamm;um acetdtd.| i ng, ball
mlling, gri nﬂ Ry, 4 1) Anot her

enmbodi ment of " TH t%& |on°"|mg"c E%S&Q%Pﬁﬁ% ﬁﬁﬁil nén%l efin product
from an oxygeteatedxyfmmwospﬂmet he appropriate nmatch of oxygenate parti al

pressure, weight Vv ' ' apﬂ tion index, a
substantially hi gﬁ")‘%?%"yr%ﬁ@%‘ﬁ?’ﬁﬁlé%ﬁq’éﬁﬁ“\/l ee&gé{ngﬁg%n?r ?Jej\c/hgﬁg 20 In the
met hods of 5t héabinatiens bf emplates. flbeeknmphliaialparngaluh potyrgd pmbalimentd  optional ly

a diluent of e 8466 SRLI NS IRRMALGL K Bl K 8nhdile! o oxvgenate.

i s contacted st contal ni n ecular sieve in a
reaction zoneTExkOHmhdﬁwopyT&mne/d]humembmanmmﬂdtssmrmmuhtlndtsmﬁkes place is

herein terne %c@erﬁafcmt p| C\é\%ﬁ+c&0@mpe§, Qﬁﬁﬁyrﬁ%ﬂ act or appar at us"

or "reaction one i'n eedstock to the
reaction zoned:manhyletheetolcyhtdlefhnsafchneﬂh;ﬂenennqmrwum However, there may be

I nst ances ere hﬁlnf ction zone or

mul tiple 6% et sn})l#é F'g%?f#gﬂﬁ%?%‘auc OE@%@%K&P ﬁc [ 5’%ﬁzone are utilized,
and such i nst@tm@)uitbothwmteﬁds b\}ihtdﬁerﬂccbﬂﬁmltlmnmomn isin such

I nstances, inyenti o met g” d on the total
30 of all fee%'?‘gllgﬁ'é}‘?%‘ﬁs n et ‘gg‘r’é‘gﬁ%‘ﬁ%’% ﬁmgﬁgﬁl nvention

paramet ers onmolemlarsieect i on product are based on any one of the outlets of

the, reacti on zone dpgh sty e EYZA00 IR RALAR/Ae BT BRHE 02401 - 15 part

of the reaction sysa[?F'n regener at or conprises a vol une
wher ei n cas bomacmmlydeﬂpmtmm(amal&;okehouorbmdtrenmmm Yhese matstdls i ng from t he

olefin conver t f‘iﬂ? talyst with
regeneration %%%W?%%@cﬁgyge]ﬁgwaﬂ gfﬁf%’fggﬁb @EII S | nvent i on conprises
at | east one metglsmietal oxidesphen donwiedlith catadyst cimponcats, deolitg catalyse oxygen at om
such as al i phc%‘iﬂpﬁne%ls?a?%hasm 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, averall 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 capac_ity of from
0.05 to 1 cal/g-°C, more preferably from 0.1 to 0.8 cal/g-°C, most preferably from

25 0.1t00.5 cal/g-°C.

Additional 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, KF], LEV, LOV, LTA, MON, PAU, PHI, RHO, ROG, THO, and



et hers, carbonyl conpounds (al dehydes, ketones, carboxylic acids,
carbonates, esters and the |ike). Wen the .oxygenate ig an al cohol, the
al cohol can include an aliphatic noiety having from 1 @46 Zilr bon at ons,
nore preferably from1l to 4 10 carbon atons. Representative al cohols
i nclude but are_not necessarily limted to |ower straight and branched
chain ali ph2"®™ cohols and their unsaturated count é'FgH?“E’gz.‘"’Exarrpl es of
sui t abl e oxygenat e conpounds i nclude, but are not Ilimted to: nethanol;
et hanol ; n-propanol; isopropanol; C4 - C20 al cohols; nmethyl ethyl ether;
di ret hyl ether; diethyl ether; di-isopropyl ether; fornmaldehyde; 15
di met hyl carbonate; dinethyl ketonerlécetic acid; and m xtures thereof
Preferred oxygenate conpounds are methanol, dinmethyl ether, or a mxture
t hereof . The mestiottd irmsthieiendy Strnaturpitysfeeefmeadiugl pofq molgnulsasiees that ¢ hi s
Lnvent | on Can ud figipikic: dsBfh i fivédidh Akiudd P, L TRIFWIBUONRAT, RBOPOS! L1 ons
from hydrocar bons suc as ol l, coal, tar sand, shale, bionmass and natural
gas. Methods fFER, AEQi AR, TRN, edl substipvied farmethereofy Thesp ompll 4nd medwmgr t . These
met hods i nclu f ek | . : I ' synt hesi s gas,
t hen convertiﬁgret"ﬁ’g@%t gés)??s&éécans?@ég'%rbg{e{:ohagﬁﬂgrhg%rﬁ&%ynt hesi s gas can
be produced byrketrahlypesoWldsisiesand B.1BOlsentBustarvorh Heineman, 3rded.ot her nal
ref orm ng and ty L @l i lg,}}lq:s ' di l uents may be
present in the éelié%%%egﬁﬁ%wﬁ&lgﬁ er 10 ﬁg&%@ﬁ@gﬂ@% oxygenat e proportion
i ndex of at | eilisealnisophdsphatesatalistineledediSM-5, Z§M-ife priagite, b438% t i ons which
are essentially noR.r i ) ' tal yst, and

OHF cgﬁgit é%l?ﬁ(ﬂﬁirof? glgfeﬁabgggﬁfrﬁskf{]ﬁ 1099 mdré

primarily function to e oxygena e feedstock |ess

concent rat ed. plefqpiblial %dp P ¥nans mastareferably bith tof0%, boweigtofmelapulary |inited to
nel i UM afo10 e i} s 406 resfiad BAMTRAGN sHiposiBs ARBa PrBAL 5 ortBie

essentially non-reactiv ar af especi al Ig/ he al kanes such as
met hane, et ha?6T teed PO mgre nrsferably 38T ¢n200%) mast prefacably B 0 18T q] ky| enes,

essential ly non-reqct b OBk RAST trdafmétiGo 286kée W 01/ 60770
PCT/ US01/ 02401 -lgﬁ%r%&ﬁ\ﬁxturesbjtgﬁgﬂgg?“Tﬁe pre’]perred di Fuents are water

and nitrogen. desredphysigs andehemicalecharacteristicse fudhareatmenigiingludss b arsor f or m

Hydr ocar bons i plaltil@ioh G telmknt, bas€. , as CO-

feed. As defi%gﬂ'eﬁég?&g})?&;ﬁﬁ_%g%gﬁégﬁﬁ%ﬁnd jed W th the feedstock are 5

hydr ocar botf c et hifing, beimiling seindies, say dsying, andaeabinations fereple al

arrangement  when goptachEdiniin O tPInGémibRicliAes ¥ fefhBd for iking diEMRS €

hydr ocar bons can i ncl ude of efnl ns, reactive paraffins, reactive

al kyl ar omat i cprodne &omianoxysctatafesdstocky rAtihospprorriate matehyof grygemicof or r ed

hydr ocar bon cq-f; j Vel VeldSity. kHd Rfte profdMion ifdag,a A*

hydr ocar bon mgﬁﬁ'%&g%#%&ﬁ?&g%%?bon m'y>'<t uﬁde%gf% a%l():l an?f‘(t Jre?%hereof. Mor e
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 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 proqeﬁﬁgyﬁifhls

I nvention, coked catal yst can be regenerated by contacting He coked

cat al yst m%hqgay;egeneratlon mediumto renove all or part of 15 the coke
deposi ts. ' ggeneratlon can occur periodically mﬁfﬁpﬁg¥ﬂ@“reactor by
ceasing the flow of feed to the reactor, introducing a regeneration nmedium
ceasing flow of the regeneration nediun1 and then reintroducing the feed to
the fully or partially regenerated catalyst. Regeneration may al so occur
periodically or continuously out si‘dé-t he reactor by renoving a portion of

the deactivated 20 catalyst to a separate [eg Eerator ﬁﬁﬁnerati ng the
coked cat al ydnartiohthe fraction gystemIpay;bsa “regengralan, “RCH EHRATSES AYORME o duci ng t he

regenerated Ggedlin/@ibohiedud AefoSiRTbLoke) omeﬁﬂfsﬁiebtﬂﬁhg%m e6lefin at tines and
conditions appropriate to maintain a desi ed | evel of coke on the entire

catal yst wi t HORVer¥RD rpaction &g remeynd by gartact e gptalysy; % ed with feed in
a reactor is glafised herein as 25 "feedstock exposed." Feedstock exposed
catal yst w || prow de olefin conversion  reactjon guct)duct s havi ng

substanti al |y | owEhe Swasratseedsierk obtbis invstion gomprises pt UMt which is
fresh and re%ﬁ%ﬁﬁ%chéoﬁaﬁsa&wﬁoﬂudxygehmhpakhhﬁaﬁblﬁﬁtﬁleohbawer amount s of

propane as it isS expose o, ei ther thro) ncreasing tine at a
gi ven feed ra@ﬁ*@"’o?""?%&lr@%‘?‘ﬁ‘i@’@@%&"&F@"&V%’F"W{ﬁ’ﬁég°?'+’?f§°5’30 At any given
instant in tigRey aAdRE k). “in&nﬁéi&:@!géiﬁiexddhatchmlrtﬁm&oﬁélcm intlud®an fresh, some
regener at ed, and song coked artu%fly coked aséréawy%gult ?f having 1 7

AL 2004 VIO CIPERSS MO Ry ipBEam b 50 icarbon Ham, MOER PIES] Bdiefat ed.

Ther ef or ey9 Vagkiveh stoRe Répfidéntatile dIER0IE RicRUYS aﬂemo:tnlaessraﬁ@amw towi | | have been
f eedst ock exposed f.or dlffereci’ﬁperl ods. o SI nce the rate at which

feed flows tdoveatraightapdpranched chain gliphpticaleg By which vari ous
portions of tdgn&piral Eﬁ&mpreefﬁttmwgmm sdmmudémmatrhm variation, the

Average 5 Cat aI st Feed 0 sur ACFE dex sed.t
quanti t ati vellymi %Q%EX °R’B‘Sv6§ﬁpécf?°%qlré£ ﬁ?"“”cgh in the
reactor has Q%Srﬂetﬁ&e\ﬂﬁ&tﬁﬂléth@(mﬂ(&he{\ﬂa mdbyMIieel fmnal%lﬁlﬂe,l ndex is the total
wei ght of feeddlwdd y@FtSlotal Q‘gp cug |eve(|. -
excl udi nglbi rtfesthyl earbonate; dimetyl ketgpe; agrhc &‘f‘{}g gﬁ% sent to the
reactor, inclgxgidnste Béthgdunds @femettianol rm&npm&e& whikateytbdreof 10 The measur ement
shoul d be made’ over an e | ent ne. i.nter nd the time interval
shoul d be | ong engh"gﬁ"“(“{‘ﬁlq‘gmﬁgf‘ﬁthﬁ F‘Wf‘if‘aﬂ’?@ﬁg 'WEPUINER or feedst ock
rates accor dijpgude@he AdgitioraPépT makifg the@eoMpditiots Tra dassabaiserhsel ected to
al low the 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 partial 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,



systemto viewed as essentially continuous. In the case of reactor systens
with periodic regenerations, this can range fromhours up to days or

|l onger. In the case 15 of reactor systens with substant| al const ant
regeneration, minutes or hours may be sufficient. Flow féUémﬂf cat al yst
can be ne éreﬁg_’i n a variety of ways. In the design of them?ﬂui pment. used
to carry tNe"%7™| yst between the reactor and regener S012e cat al yst
flowrate can be determ ned given the coke production rate in the 20
reactor, the average coke |l evel on catalyst |eaving the reactor, and the
average coke |level on catalyst |eaving the regenerator. In an operating
unit with continuous catalyst flow, a variety of neasurenent techniques
can be used. Many such techniques -3%e descri bed, for exarrpl e, by M chel
Louge, "Experinental Techniques," Circul ati ng‘@FI ui d| Beds, G ace,

Avi dan, & Knowd miwuresshereof Phy ppferredidiluentsgteates ﬁe‘i‘m‘s i nventi on,

only the mol %ﬁ&iﬁ@rll dto‘F@a AlofhySt sent to the reactor may be used
in the deter?ﬁ%n fclied C@ ex. The cat ?@F 5l Se% to the reactor,

however, can be eﬂvﬁmwﬂa@b"r‘éﬂ!‘%ﬁ%&’&& *n8%%n of bot h.
Mol ecul ar Sggeae»efabmd & hﬁdmoﬁmuadeedmhmmmthe reactor within

the reactor appar at us .€e., via duct ﬂg Bgs or. annul ar E)egl ons), and
whi ch has hothym@bwwﬂ?sﬁvwlﬂhl@%’“‘?mﬁ@@ % 201 regener at ed

or does not %B%Meﬁ‘%ﬁmW&%&eu@sﬂ%&@y&&aﬂﬁﬁﬁshﬁmmﬂe det er ni nati on
of ACFE index. I'n a preferred enbodi pent .of this nventlon a feed

cont ai ni ng arplefiox yepstivermarailian deastiveialioylaromptics, m?’?ﬁ&?ﬁ% T KRR separately

or mxed wi th,lhg pé&&é&'ﬂfaﬂﬁirﬁm doFeddQACIAES, fidpynic bubyl¢hapehtylelie, cont ai ni ng a
SAPO nol ecul ar st eve at process conditi-ons ?

ctlvetthFlggt: uce olefins in
a reactor mheGehxma@al! mpdues, g §yd WAEF‘E“‘F?H mpyrurg st o[°0, preferably
at | east {é‘ﬂ'{)éaqgﬁa-fe@di%i‘ed(w Bﬁl?ocaﬂb&i'ﬂ&nﬁd‘s vlitl'ﬂhé ﬁo@ﬁrefeﬂ'e&af fective, with a

range of 1. el ng desirab A range of patlc larly
preferred. 1d>em3§4|dw m rgixures which G"él"?“"eg’rfm“bﬁpmﬂ"“ J rfxygenat e
parti al press(;frr&ctglf prodlic€at er t han 20 p5| s Pr eferabl Y, the oxygenat e

partial pressure |s at least 25 psia, er abl | east 30 psi a.
For practi cal desiwem&sﬁ“’(e“?g“’&@@ﬁ’ Bereéﬂ‘g?'/'}f?i’yat a met hanol

parti al press&hﬁmﬁ?ﬂﬂ%kd%ﬂﬁ?ﬁwhb?dgerﬁﬂﬂo:pﬁaecﬁum freheveallloypamadf greater than
400 psi a, nost er abl

reactor sybt ethe @Rimdmﬂﬁs H @%&gg{ﬁr@ °$$§&&§%%?%tﬁ'ﬂf 15'B’§g’¥8ft agg\a/tlr gg bed
systems. Prefgpg &%Jﬂw&f?&a tSHhE reaforCifrbdubing & feg@eratiGiomédinns, and short
ceasing flow of the regeneration medium, and then reintroducing the feed to the
fully or partially regenerated catalyst. Regeneration may also occur periodically
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 the reactor.
Regeneration can occur at times and conditions appropriate to maintain a desired
leve! 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 exposed catalyst will provide olefin conversion
reaction 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 exposed 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



contact tinme, countercurrent free-fall reactors in which an oxygenate
feedstock can be contacted wth a nol ecul ar sieve catal yst at a WHSV of at
|l east 2 hr', preferably in the range of from2 hr' tm%%ﬁr and nost
preferably in the 20 range of from5 hr' to 500 hr'. 4 éiefined her ei n
as the weight of oxygenate, and any hydrocarbon which nmay optionally be in
the feed, YRPYATE: per weight of the nol ecul ar sieveP ER#016f t he

catal yst. Because the catalyst or the feedstock nmay contain other
materials which act as inerts or diluents, the WHSV is cal culated on the
wei ght basis of the oxygenate feed, and hydrocarbon which 25 may be
present, and the nol ecul ar sieve copt.ained in the catalyst. The process can
al so be operated according to a desired gas superficial velocity (GSV).
Preferably, ?&ﬁg? faed L Ghritkis YoHichs bf the catalyd( i@ #e@éaciohan about 1
met er per se@gxg\ﬁ m's nIS rfasiiaﬂra\?gréﬁetlrﬁ{uny{?ih,e r acto?@fP{leferably, t he
average gas Wwilijaré been fedstask eposed qu§'fB’F@hPe§Pd%q%Hﬁe-Z£'H9°§.e"S'G"%\s defi ned

herein, gas j il |rQtol dhn viry [h€amtahtbTRled ioGwtidhvdridust e of  the
feedst ock (i %c‘ﬁgﬁﬁlg‘géxtgggrﬁt e,’ mrtocar bon, . and ,arlly dj l uent) divided by
¢ £

the 17 AUG 2p@tlonsof ¥o7 eanpalsprans0 19 appoust for thig varation, e AYeBEE - sect i onal
area. Singe E@%gﬁtm@émkﬁ@ewa&tﬁﬂ) ih@ex®d REd 13 qRdnaeltively ddfiné e f 1 owi ng t hrough
) Vol U

t he reactor metric flow rate of the f&gﬂstock vari es throughout

the react or . eitent toowhicl thientieccatalysiiimthe raagser hagbeen Epdstpe PPASedt he cross-

sectional area ofyd g fRAL WOFE ik BhRQoteighbdf f@d Mivilled Byuhpetddt Wi t hin the
reactor. 5 Therefore, average gas superfici al Velo?fﬁi ty .as used herein

represents t weightvod melseulargiswe G apexcloting binde.dpesis; €S, of the SBY¥O UL t he reactor.

When the averageadas s RAd lefhdd indlifiRUolhresibardi@icidicd difilystl s, back-
m xi ng of gases 1 n the reactor 1s mnimnmzed. Tgi’?g’”;‘g%e ses the selectivity

to the d@si Themeasyshmensshonldbg made qver ansapiyalentim &I ene, and

i ncreases t hg, A0PLAGHAMRe ifdg bupH tGmbbtR butPREGA0RY in Gdtalyshor fealsieck f | owi ng
through the reactor. The veloCity profile at asgl V%’E CF(‘)'{S]‘?'fseCtlon of the
reactor is apsesesdordingdp thereagtor snd segeneantion process stepselectedip sllowihe ¢\ i o or

back-m xi ng steﬁaLtU Widwed &EsRhily bddRRlouR | IH ehefchs \of Rfdid ¢ystiins wihcur s when
el ements of t'he honogeneous fluid reactant m)xe tnroggﬂrla?@reactor as pl ugs
movi ng par al iperiodicaegenrsatiops thissian prgesfrom hpuryiipdo days of1p1 §%&nabl es an

i ncrease fign gﬁ%&@hﬁﬂ%ﬁﬂh%sﬂmw‘éonsﬁﬁtirsﬁeﬂérﬂioﬂ,gniﬁutsd(ﬁthb@sBiﬁ (prime olefin
e

sel ectivity). I ned herein, a stable POSis one that is within 10
w . % pref er bbkffidentt . % of that obtained using essentially 100/a oxygenate

as the feed at a pLeRMBrRatRlst € teFesureliiEa VaFdGRE WA, Bl thodesigabl es an
I ncrease in reactor capacity while
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, & variety of measurement techniques can be used. Many
such techniques are described, for example, by Michel Louge, “Experimental
Techniques,” Circulating Fluidized Beds, Grace, Avidan, & Knowlton, 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.c., via ducts, pipes or annular regions), and which has not been



20 mai ntaining a stable conversion of oxygenate across the reactor. As
defined herein, stable oxygenate conversion is an oxygenate conversion
that is one that is wthin 15 wt.% preferably 10 w. % of that obtained
using essentially 100% oxygenate as the feed at a presau;r 50?‘0 25 psig.
Such stabl‘g %*ﬁrsi on can be maintained while maintai in@Ja & abl e PCS. .
25 Prefer Pyl e oxygenate feed is contacted with t REVESHB4WUst when t he
oxygenate is in a vapor phase. The oxygenate feed can also be fed in a
liquid or a mxed vapor/liquid phase. Wien the process is carried out in a
|l i quid phase or a m xed vapor/liquid phase, different conversions and
selectivities of feed-to- product rd§-result dependi ng upon the catal yst
and reaction conditions. 30 The process can generally be carried out at a
w de range ofregememtest cridoesawst contain fesfif catalyisly i notte bawesediip theenper at ure range can
be from 200C ly 1 7 A U6 2004 WO 01/ 60770 PCT/ USQ /02401
from 30&%%&5@}&%@3% eferably from 350C to 550C. At the | ower end
of “the t enper at ulna preferced embodiménd pfithisiinyentioh, a feed cdetainingdn ol ef i n products may

b k th
rocess my nayséndis B offbndyS nBRIoE Mbherifly F FREISGNIR. (P0A% (0€
oxygenat esS t @xygenale éscohtaged with edalalyst Gentpinisg aéiai’ﬂlmilecnmmmnt a variety of
catal ytic regﬁ&gs%ondﬁ%ﬁ%&f?ectnfd@?rﬁddcg@eh’tﬂ%L scrvnﬁg Jﬁee fa] lﬁs fluid bed

reactors, current ri1se ctors as ree Fall
Reactor," FlaniA§iFEandew of 4 tegstl dcprefagbly Bt least hf.i AmAGFB indexsipdhespi el , Robert E.

Kri eger Pub',g@ b {520 i Wectlvd ich d¥flicof P925 biing SRUBICIARR! T ree fall

reactors nma conversi on proc as described in
US- A- 4, 068, 1:%612annhrﬂqalaslmprefeke@\ct or", Fluidization and Fl uid-Particle

Systems ges 48 TR hrodess™ e ﬁ%&%ﬁ%@ontaﬁm °8&{3H’§ pet P}l&hﬂ-o?“bl i shing

Cor p. 1960 preferred nuous operation, only
a portion of srqateethstamams;astPrqualrlseﬂwmnmmmtahyemraa@lﬂ%ﬁaP%nt to the

regener at or {ygd SURNE L1Eus JO0ACHUMALA desilipSRORN dsBrabids TesUI L duri ng

the catalyticre e reg at or yst IS contacted with
a regener at i ciperatedi ametbronkpartial mgssurenﬁ@emuthmﬁ@pswm&mbb’maanpl es of

ot her oxi dant %%f , 43, and m xtures thereof.
It is prefer gﬁ#@%ﬁ{%&gﬁ’rﬁ emﬁgn?%toplggl r. The air can be diluted
with nitrtgen, oo»znysmdmimcgasrsterambstuwlmn#a@mm@:eé&erb&wd?edgesurably, t he
02 concent I atdfholsls byifEm} R Creatlorgé?&ﬁ&mmsérmommmhl ed |evel  to

ni ni ni ze overheati ng -or ofs in the spent or
deact i vat ed @Mhms,twuﬂrﬂwm%fﬂmf@awicbsﬂ oggewtefendstbek r egener at ed

reductively Vil b ddfiracted with a molecular sieve catalyst at a WHSV of at least 2 hr,
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
velacity (GSV). Preferably, an average gas superficial velocity of greater than
about 1 meter per second (m/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



CO, m xtures thereof, or other suitable reducing agents. A conbination of
oxi dati ve regeneration and reductive regeneration can al so be enployed. 25
In essence, the coke deposits are renoved fromthe catalyst during the
regeneration process, formng a regenerated catal yst. The Albgidter at ed

cat al yst ia( g&gﬂreturned to the reactor for further contact with feed.
Typi cal reggr? lon tenperatures are in the range o CHBIYBC, desirabl y
in the range of 350.700C. Preferably, regeneration is carried out at a
tenperature range of 450-700C. 30 It is desirable to strip at |east sone of
the vol atile organic conponents which nmay be adsorbed onto the catal yst or
| ocated within its microporous 17 AU&-2004 WD 01/ 60770 PCT/ USO1/ 02401 -21
structure prior to entering the regenerator. This can be acconplished by
passing a st reagigricrgs-spational.asea. Singe ge@@@F‘y%POﬁVPfWQ tesqlefingpedueioyhiles i ppi ng

chanber, whi Cﬂovﬁﬂé‘th%g%lh??é&&gth%&ﬂh&ﬁéﬁkﬁvfa?e%?hﬂ&'ee@d’tock'@mﬁssepa_r ate vessel.
The stripping gas can be an{Ig substantially inert nmediumthat is comonly

used. Exanpl ethrayghast the pacter eyedditian, depsndingupen roapton dsgjgh theigg@st-um  ar gon,
met hane, Coz:seggn?lfa%ﬁ%fﬁﬁhct@ﬂqaws@rvg?‘iﬁny ef'Boint MAhSR ek e to cool at

| east a portion o e regenerated cafalySt to a |ower tenperature before
it is sentS5baTheraforetaveragegassuperficial velegity as e hereia represenda thesvedBt ernal Iy to the

regener at or ugﬁ#%ﬂéﬁﬁgelﬁcﬂyﬂﬁ@ﬂ&tﬁﬁwat fromthe catalyst after it has
rom-t

been wi t hdra e regenerator. Wen the reﬁ_gger ted catalyst is 10
cooled, it is desiWhemithe averageay superfigia) velogity ig.greater thag Ly, B¢kt s £ r om 200C

hi gher to 20&&4;;&#3&&%@&@;&%&%&.%aeérea&éa@hecsab@ivu,swthdrawn from

t he reactor. bre desirably, 1t is cooled to a tenperature from 10-200C
| ower than t héesireddightolefinarie., ehylengand/ar prpydane. and inereasssthe saprAstthe r eact or.

This cool ‘i‘ﬁ Cﬁépﬂ Mol deRfibr of Y zd3& floWing tKHEE t r@icloP ETheS@BEyPOY ti ON Of the
er é bot h. 5

reactor, t g nerator, or & 15 "When the regenerated catalyst from
t he regener at profile 8t & givancrrssiseetipniofithe reagtoningpproximatehiflat gud there isy ned to t he

reactor’ s cat ghyskadiefisne BlaBOmARROE 160 SlehERL THANIEOMSY behdgH or the i nl et

8
zone. Introducing the cooled catal'yst into the reactor or regenerator

serves to redogsarswhen elereantsnk the Bomesicnsous fluid reaqtagpmpyeshrough agpectopgener at or . I n

one enbodi nenf, 1,¥g ot,ﬁs Icflel AL reRREDE at or are configured such that 20
t he feed contacpt t he generated catal yst before it is returned to the

reactor. [f an alThisisveetionalsa msbles Moprease Macapopepyity.atibler egenerator are
confi gured Sughsnﬁma,ﬁgats&snepbﬁsqﬁimfﬁ%nsmm. A BATNEd Riréif] aG@bIB| ySt after it
e

is returned to t eactor. I'n yet another enbodinent, the feed stream can
be split suchP@Hisone thatds within &Q:wg%, preferabli P 3t &pfehat ehtalned g8 ore it s
returned to tQG.nkiQRCI08% Afndl dsthe fodd sb@PrefiBRBf &opsiget urned to the reactor.
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 isin 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



It is preferred the catalyst within the reactor have an average |evel of
coke effective for selectivity to ethylene and/or propyl ene. Preferably,
the average coke level on the catalyst will be from2 w.%to 30 wt. %
nmore preferably from2 w.%to 20 wt.% In order to maiptaipfgpi s average
| evel of coke on catalyst, the 30 entire volune of catal yst can be

partial ly MWYWAEPt ed under conditions effective to [IPEITWSORM0L he desired
coke content on catalyst. It is preferred, however, to recycle 1 7 AUG 2004
WO 01/ 60770 PCT/ US01/ 02401 -22 only a portion of the coked catal yst for
feed contact without regenerating. This recycle can be perfornmed either
internal or external to the reactor-20The portion of coked catalyst to be
regenerated is preferably regenerated under conditions effective to obtain
a regener at ed foat 300G to 400AC, moregprefarkbdy fram 8 $3€ taf 507 sAt thdiawerZndofint . %
preferably le than 1.5 w .%. an t Dk [ I 1.OWM.% in
order to mkeﬁﬁeﬁemgefa “gﬁg"“ ¥ haelf%/@ftg?"g&s?ge&%r"?énghwég dr“&‘SZ“E%F%?BSn or reaction
process, fresmatiktlylsiost Atshe upger amlichi the témpefatiraiahge, the procdss mayhnat at al yst i s
added to the regenerated c I fter it is renmoved fromthe regenerator,
and then bot Hg'i'r‘é'°£§'a‘é’8“ﬂ“§&'?ﬂéé’ %dél ttor. However, the fresh catal yst can be
added to the 10 r eTihetconversimiaf exygenates to préducdlight defims rpbecmiedioat yst . Any

amount of fresh_ catal can It d I eq .t hat an ACFE
ek of at ' 1 dhafaieBiof il et S noltthollde i RAFERRCAA 15| 20, £C
appr eci at e t hded tehaors|asd consurpniotercenttdn as tlbseribed in/Feae Falk Reagtop" ef i N conver si on
reaction of t el J NV ' «C, | 0 _form pol yol efi ns,
particularly po '_yéﬁ'ﬁﬁf@;’eﬁ%}é&é%blpg{hyb@gggﬁee‘ﬁg#%f’r%ﬁ%%&g%%s for form ng

pol yol ef i ns f rPoblisbing CorNY,a9&7. lkixditionsliy, conmerowrrenCieedidl)redctors payoieesses are
preferred. Partic rl Iy 1,0 legler/ Natta and acid
catal ytic %@st“é%ﬂ%&%’?‘“?%ﬁ‘g’%ﬁ%l%@% %Eé'&éﬁ@%%§°egi,‘%8, 455; 3, 305, 538;
3, 364, 190; 5, FetQ7,Fluidizio8 o8B uid-Fabitl Speens, gGM8;59RA. Zengal 65; and
4,243,691, | ner al. > dsy | ve contacting the ol efin product
wi th a polyol grfl n Oﬁ?%@mgﬁsgggtaqa&é‘mpﬁ pressure and tenperature
effective to formhhergated ombddiment pf theleontinuors qpenaficey ordyla pastignodfef i n- f or mi ng
catalyst is a | g!! range of
operation is yg&m@gﬁqﬁﬁmgﬁﬁ%}fﬁﬁ?an It de“%@&%t‘%%%“&%?%@%ﬁ?i ed out at

| ow, medi ulh orcdumglated coleesigpasits thas iresyjt duripgihe cyal@ls redction. dnthae range of about |

(0200 bar s, FlndlERE S8 ROEhALUH o eROkh blm BuffieT ¢ L uent can

be used, and t prteferre opera ure range en 10 and 150
bars, with a pxydesprahertmadants: Examplesrofipther oxidaseinclader(:15, Nefd) NOBOC. For gas

phase processqg, flo,! s RiblE thétbs! RN pribifedt&SBRY B W ihe BARGFA | Y be Wi thin a
The air can be diluted with nitrogen, COa, 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 Hy,
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



range of 60 to 160C, and that the operating pressure be between 5 and 50
bars. 30 In addition to polyolefins, nunmerous other olefin derivatives my
be formed fromthe olefins recovered therefrom These include, but are not
limted 1 7 A UG 2004 WO 01/60770 PCT/USO /02401 -23 tg @Mﬂ@%ydes

al cohol s, acetic acid, |inear alpha olefins, vinyl acetate, ethylene

di chl ori d&Y&M#OTP nyl chiori de, et hyl benzene, et hyl enePGHYSEE4% inene,

i sopropyl al cohol, acrolein, allyl chloride, propylene oxide, acrylic

aci d, ethylene-propylene rubbers and acrylonitrile, and trinmers and

di rers of ethylene, propylene or 5 butylenes The net hods of manufacturing
these derivatives are well known i-#lthe art, and therefore, are not

di scussed herein. This invention will be better n&ﬁistood with reference

to the foll mmﬁgepéﬁfdﬁpntwstwwfemﬁ%ém bRassingL specific

enbodi ment s edrpl},ﬁ‘@aémrtﬂé/é‘siﬁg}s{ in a%&iﬁ%& 4@ chaXbRs) Whidh céibeC| ai med. 10
Exanpl e 1 Exp nts usin 4 cat aI yst (50% SAgg 34/ 50% bi nder)

were carri decatediwithip the mcmrerlzeaepaateeﬁmemwpgl&%“e Y reactor at a
gas-reci rcu'ﬁbh&ﬂﬁaﬁﬂ&ﬁﬂﬁun}&a&d doitoRly uSlS ERAM léa%aﬁﬁbmngieuel rculation rate

was nmuch hi gher t reaction rate actor was consi dered

as a non-§r asamyeitrpgenchelive, argop, methape, C %&%IW&S’W?W‘@?@E were placed in a

basket bound by jug %ﬂésﬁﬁlﬁ@fc&@&l%ﬁuﬂdﬁiﬂ&noﬁﬂlerdgmdd%tﬂyﬁw' ng at
6000- 7000 rpm ci rcuI ated the gas in the reactor fromth%“g of the basket
as

t hrough t he lawsmru@mmsab@rﬂs“t% bagkite thereastos, fiheptrxghapger entered the
bot t om of th&mﬁﬁﬁyﬁotth@,te%&uaﬂ?ﬁsy velibddi16 i'e%'l%tae %ﬂlefhbdﬂ'rdm&ﬁh dalasicat al yst 20

particles. Icles were in tur t fluidization condition with
very |ini teﬁtea W“fﬂw@eﬁﬁhfé@q‘ﬁ‘@hﬁ?ﬂgﬁém J'&‘bs{lési dence tine
was _conyg ol gl i fdsiFEbiét 8561 ATTERmydHel Which & IO CHighehen T eact or gas 10 a

| ar ge vacuum vesse gas chromat ogr aph ( GC) sarrpl ing valve was equi pped
in the gas 208G bmﬂlmtpampﬁmfeaﬁlﬂwwwf%m ¢ BAr oduct conposition

anal ysis. 2 Th e ct ‘“”‘{?P&L'l‘*é@n' A0DBELCYoindt thindhedr @ans of the
p

cat al yst an o acnfeve Sis reactor pressure. This was to
ensure that Eeiﬂpmtﬁrbbﬁﬁbdlﬂmwdidmm@om@asmymw@@su%t ation of the

ot hanal S BT ERLaher ity ol abb iepddrte B8R PR L ST P8, 2
cat al yst 1par Whe théregehidnted estalyst from themegenmaorgoreturnsti bocthie G@ttb‘ylt venting the
Vel ve was opBhKR LR D e SRR o, BE bR | TF, T VIR
and/or the inlet zone. Introducmg 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.
Tt 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



17 AUG 2004 WO 01160770 PCT/ USOL/ 02401 -24 vessel. The gas conposition was
determ ned by GC analysis. After the reaction products were renoved from
the reactor and the reactor was purged w th argon, \Naﬁ7ﬁpﬁzﬁgrl zed with
argon to 60 psis and the inpeller was operating to f|UId at al yst
particles hefore the next methanol injection was carried out. 5 The
reacti on Wi M ed out under a constant reactor vol BFEUSHBHOL .
Therefore, 0.3 cc of nethanol injected into the reactor at 450C quickly
vaporized to increase the reactor pressure by 60 psis. The concentration
of nmethanol in this case was 60/ (60+60) = 50 nole % It was observed that
catal yst activity increases signifréantly in the first few 10 nethanol

i njections (the activation process) and thereafter remains quite constant.
The effect ofonlymposion of thcaked catalyst fopfeed contact withouheegenerpting. elisout after this

activali on prOGESS. . PGS Lifefitmidk ikl ETRIGRR IThdpokddfi of eact or . and

argon was i nt 73 e reactor to raise the reactor pressure to 60
psia. Variat |coked0£taly$n@bmt$¢awutd is psfershlytreggnerasedundencanditions achi eved by

changi ng the ,gg{c,l %m %&moﬂbabdﬂe@&ﬁﬁgoﬂ&kﬁuﬁﬁe reactor.

Experi ments We con ccin 0.1 I ncrenents,
provi di ng Sa paf4, pwferqbﬁse‘ss@ineléfm&kygfb'n@ﬁ!m*@b'ul%ﬂhﬂbl 0®b%. and 100 psi s,

and an oxygenat e pGeN el LpRy Bl cllsoh a8 Reghnefiot T oopect ] vel y

The space vel ocity (reactor cap ad was cal cul ated according to the 20
fol | owi ng f omeanticn. prapesst ﬁmheﬂtﬂlﬁsm@ Bdﬂeéja%’efpfé@%dhﬁrf&é eqtafyst is

[ (0. 3cc™0. 7944 ?&%Q{eg&eﬁ%ma L&em.sr%@%g%mﬁmgmér&oz&map 15) *( 3600/ 5)

g/ g/ hr = 380h art a ressur he oxygenate was i ncreased
from 60 psi abbthawdddndth!mctpsﬁbwemﬁéh%fmabéﬂ%$%Pf F%@q‘encr eased from

114 7, B SR n SRR B o Bosrmiosgum o 1 T30
can be added, but it is preferred that an ACFE index of at least 1.5 be maintained
One skilled in the art will also appreciate that the olefins produced by the

oxygenate-to-olefin conversion reaction of the present invention can be
polymerized to form polyolefins, particularly polyethylene and polypropylene.

15  Processes for forming polyolefins from olefins are known in the art. Catalytic
processes are preferred. Particularly preferred are metallocene, Ziegler/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 preferred 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 Tn addition to polyolefins, numerous other olefin derivatives may be

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



Oxygenate Partial Ethlyene Propylene Proportion Pressure
Oxygenat edSel ectivitySel ectivityPOS | ndex(pal m VWHSV PPVCF Conversio

(hr-1) (1/psis-hr)n(w (Wt A (wt. %99 (pigs)(w. %N,-,
0.56011401982324779 0.578015201973314475 0. 6251001900197%2’9%%77@045 The dat a
denonstrat g e nar kable stability of reactor selectivit erf ormance

Wi th corresponding increases in reactor capacity. By il’ﬁ&”é‘%’l lin reactor
capacity is neant that nore prime olefins are produced fromthe sane
reactor volune. Thus, someone operating an oxygenate conversi on process
conprising a fixed reactor volune {M use the present invention to increase
10 val uabl e output fromthe process 4%i-thout incurring substantial cost for

increasing reactor volune (eq, adding an additional reactor, or
| engt heni ng ate, Behydes lpohols aeetio cid, Jinasngpharletins, wisyhasetaty, ethyleng hi s exanple is

deronstr at ed ﬁclﬁél{dfe'aﬁd‘%ﬂjfl clﬂon&eéh)ﬂlfbhieﬁe %&l@ﬁﬂ dﬁd@,tcuﬁlfené RSprbgyyention with a

stabl e conversion as well as a stab t hrough wi dely varyi ng oxygenate

partial presstgbolpmoleipllykchiogde PTOEH‘"E)PMI“EW'ZC ac:d ethylenc-propylene

rubbers, and acrylonitrile, and trimers and dimers of ethylene, propylene or
5 butylenes. The methods of manufacturing these derivatives are well known in the
art, and therefore, are not discussed herein.

This invention will be better understood with reference to the following
examples, which are intended to illustrate specific embodiments within the overalt
scope of the invention as claimed.

10
Example 1

Experiments using a SAPO-34 catalyst (50% SAPO-34/50% binder) were
carried out in a fluidized-batch-recirculating (FBR) reactor at a gas-recirculating
rate of 10 circulations per second. The circulation rate was much higher than the

15 reaction rate, and the reactor was considered as a non-gradient batch reactor. The
catalyst particles were placed in a basket bound 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



A positive displacenent punp was used to deliver liquid methanol at
constant feed rate through it 1/8" capillary stainless steel line up to a
4-part Val coTm val ve, which was connected to the bottom of a reactor. The
met hanol 20 Iine was connected to port 1, a heliumline peEiigionnected to
port 2, port was connected the reactor inlet, and port 4 was to vent
The react o?""“é("W“z" x 112 ft stainless steel tube equiPBHEFH . 5"
heati ng bl ock, was positioned in a resistive furnace, and kept at constant
tenperature for I sot hermal operation. A glass wool plug was used to
support the catalyst bed. A 25 5-point internal thernocouple was used to
record and control tenperature insi-3@8- the catal yst bed. 1 7 AUG 2004 WD
01/ 60770 PCT/ USOLl/ 02401 -26 The reactor effluent was flowed through a 1/8"
capillary staresﬂebs'ﬁiests@emmﬂtwewa#@wnmdmwweAﬁ‘tf“Wd'%“H%(ed with 150

SCCM of el T Uiyt QRAIBERPHER thes GO & Mo cCibiol BES ifded WiRlkrghd e cont 1 ol | ed

reactor pres sl 1 pstream of flowed to a gas

chr omat ogr aphwis@@ssusiasdrithaeos yas§0:nsia andibe impeller yanoneratipg WIS, i ncl uded two
aut omat ed 16- tﬂfﬁdjéﬁkaﬁﬂle\éﬁéf&%%c'n@xtﬁﬂaﬁﬁ injebtih wﬁ%ﬁﬂ@@oﬁ’er e capabl e of

sanpling the e every S seco hé sanples were isolated in
convent i onal sanpThe teaasion wasmawied ot yades p pongtartyeactaryolume, H$i%Kt ai ned at 300C.

Samples wer & SURRCUAY: Y mb lnBEded o e iRl 90° RRY Vi e end of

each run. rate was typic /mn and catal yst was
adj ust ed to abﬁmreasethdrreacwesmubmw& m’ammm@m’émmﬂ\mé first

stabilized by_fJ \ ough the reactor and fl ow ng nethanol to
the vent (i. aze‘%\(%ﬁp?@ﬁ -tgt?emotrléé%ctor inlet valve). The runs were started

when the reactor Itn#aabbwbd/téatmﬂyswnhm sigaificantlyriethadimbfo™ o f1 ow i nto
rosul to ol ShaholTheqiaR} e hgidi okl f e t}%“ou R RO T 02001 - 27
TOS~MN~x ~O~~VThe-effect of pressyre omeatalyst performanceaxas carried out after this activation
process. )
The activated catalyst remained in the reactor, and argon was introduced
into the reactor to raise the reactor pressure to 60 psia. Variation of the methanol
15  partial pre;vssure was achieved by changing the injection volume of methanol
injected into the reactor. Experiments were conducted from 0.3t0 0.5 ccin 0.1 c¢
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/ccy/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 hr”,

respectively. The results are shown in Table 1.
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Table 1
Oxygenate | Oxygenate Oxygenste
Proportion Partial WHSY PPYCF Conversio s!e'::cy:"“:y m l(?'_s
Index Pz::)u @r" | (Upsis-bn) (':%) L %) wt%) | %)
0.5 60 1140 19 2 k] 47 L]
0.57 20 1520 19 n k]| 44 75
0.625 100 1900 19 76 29 47 76

10

15

20

25

N % en 01 n :

The data demonstrate the remarkable stability of reactor selectivity
performance with corresponding increases in reactor capacity. By increases in
reactor capacity is meant that more prime olefins are produced from the same
reactor volume. Thus, Someone operating an oxygenate conversion process
comprising a fixed reactor volume may use the present invention to increase
valuable output from the process without incurring substantial cost for increasing
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 WHSV ranges.

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
line was connected to port 1, a helium Jine 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
5-point intemal thermocoupie was used.to record and control temperature inside

the catalyst bed.

i4 + O
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The reactor effluent was flowed through a 1/8” capillary stainless steel line
kept at 300°C where it was mixed with 150 SCCM of helium. A backpressure
regulator on the effluent line controlled reactor pressure. A slipstream of about 70
SCCM was flowed to a gas chromatograph (GC) sampling system. The GC

5  sampling system included two automated 16-port Valco™ valves in series. The
valves were capable of sampling the effluent every 5 seconds. The samples were
isolated in conventional sample loops. The GC sampling system was maintained
at 300°C, Samples were subsequently injected into the GC and analyzed at the
end of each run.

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.
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The data in Table 2 demonstrate 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.



1 7 AUG 2004 WD 01/60770 PCT/ USOL/ 02401 _28_ The data in Table 2
denonstrate the inprovenent in PCS 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. FPE} ﬁﬂabrrpl e, note
that in Run 7 and Run 14, with close PRVCFs of 0.13 and 0.1 Al
respectively, the POS are stable at 68.1% and 68.5% respectlvely This is
a renarkabl e, unexpected result considering oxygenate partial pressure and
VHSV  di f figf enc eaqmg‘{lsa factor of over 2.5. Run 7 and Run 14 al so
denonstrate an 1 nstance of the present invention providing stable
conversions of oxygenate feedstock, and again dem)nstrate t he uni que
capablllty of t Lnven ovi de wi.t h_i ncreasing
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| ef i duct The mrethod of t t
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oxygenate partial pressure is at |east 30 psia. 4. The met hod of claim1,

wh . | 2 h
1000 hr" 5. "THECHSURBA! SPED APHeE bk reRa ERURE Risar ) Pepace.
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velocity is in a range of from 5hr to 500hr'. 6. The net hod of claiml,
wherein the ox ena i ndex .i s.at thod of
ool D e Y Rt BF ARALE WA e Pl Revelti ) is g e AT oM

2hr'to 1000 hr'.

5. The method of claim 1, wherein the weight hourly space velocity is in a range of from
5hr' to 500 hr',

6. The method of claim 1, wherein the oxygenate proportion index is at least 0.6.
. 7. The method of claim 1, wherein the oxygenate proportion index is at least 0.7.
8. The method of claim 1, wherein the oxygenate-containing feedstock comprises at

least one compound selected from the group consisting of methanol; ethanol; n-propanol;
isopropanol; C4-Cy alcohols; methyl ethyl ether; dimethyl ether; diethyl ether; di-isopropyl

ether; formaldehyde; dimethyl carbonate; dimethyl ketone; acetic acid; and mixtures thereof.

9. The method of claim 1, wherein the catalyst comprises a silicoaluminophosphate

molecular sieve and a binder.

10. The method of claim 9, wherein the 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,



8. The method of claim 1, wherein the oxygenate-containing feedstock
conprises at | east one conpound selected fromthe group consisting of

met hanol ; et hanol ; n-propanol; isopropanol; C4-C20 al coh?IYS; met hyl et hyl
ether; dimethyl ether; diethyl ether; di-isopropyl ether! /#dbn¥ldenyde:
di met hyl carbonate; dinmethyl ketone;, agetic acid; and m xtures thereof. 9.

The nmethod of claim 1, wherein the catal yst conprises a
si li coal um nophosphate nol ecul ar sieve and a binder. 10. The nethod of

claim9, ) Shl i | g4 105D ' pol | ar. sieve | l.ect ed
Fromthe o Botarantn s Bp 4 paRre e NG BB Brliniofors’ wifes17
SAPO- 18, S#iP@re3therc8ARG! Bitet gro8AiRGdehf. SAPO- 35, SAPO 36, SAPO 37, SAPO- 40, 1
7 AUG 2004 -30 SAPO 41, SAPO 42, SAPO 44, SAPO 47, SAPO- 56, et al
containing forms thereof, mxtures thereof, and inter growths thereof. 11.
The net hodlof clThainrthbd ofiblemel,wheteen thx ygepmtcesonanigg facdsgek Bedsthoakwitts
cont act ed tﬂgéaﬂl SEQ%&@@W@& at 200C to 700C. 12. The nethod of claim 1,
wherei n the average gas superficial velocity is greater than 2 neters per
second. 13. The nmethod of claim1l1l, wherein the olefin product is contacted
wi th a polyol efi.n- r.m.ng. cat st.under conditi.ons effective to fporma
ol yol ef 1 i 14, TS BnE T Bl o thes B ARy R & beralied e
vel ocity imsetdrs pans@&ohd 6 neters per second. 15. A nethod for operating an
oxygenate to olefins reaction, conprising: providing a non-zeolite
catal yst; providing an oxygenate-containing feedstock at an oxygenate
proporti on3i ndébhe ndthgit ofl damt 1, Gvhoreinc tha tokefihi pnafutthis combatdy with anlyioledn-

genat e- aj_ni stock .0 a reactor and. providing product fromthe
;‘ct or haf?/:?xﬁ%g%Pa&@?%d%ﬁ%ggﬁﬁﬁnssegg%t&e it({/?’wag?ly@FﬁT'east 45 wt. % wherein the
oxygenat e-contai ning feedstock is contacted with the catalyst in a reactor
at an  avenage [as, SHASKdihal WGk Yehlre Y ALER AN Aoy TEREL PETs SECOND;
and mai ntaining a partial pressure-ve ocﬂgy conmpensati on factor ‘at a | evel
of at | eagtet@ds pekseqsd.a’' hr' by controlling weight hourly space velocity and
nolar flow rate of oxygenate to the reactor. 16. The nethod of claim 15,
wherein the partial pressure-velocity conpensation factor is naintained at
a |l evel oflsat |Aasthod.fdSopsitiag an' oxpgenatont plfihs regetidne comprighng: pouiding space
velocity and | ar .f| ow,rate of oxygenate to the reactor. 17. The net hod
of claim 16, vmrlrllearr]'efor%nﬁ'?ghﬁ‘grti al pressure-velocity conpensation factor is
providing an oxygenate-containing feedstock at an oxygenate proportion index

of at least 0.5;
contacting the catalyst and the oxygenate-containing feedstock in a reactor and
providing product from the reactor having a prime olefin selectivity of at least 45 wt. %
wherein the oxygenate-containing feedstock is contacted with the catalyst in a reactor at an
. average gas superficial velocity of greater than 1 meter per second; and
maintaining a partial pressure-velocity compensation factor at a level of at least 0.1
psia”hr’' by controlling weight hourly space velocity and molar flow rate of oxygenate to the

reactor,

16. The method of claim 15, wherein the partial pressure-velocity compensation factor is
maintained at a level of at least 0.15 psia'hr”' by controlling the weight hourly space velocity

and molar flow rate of oxygenate to the reactor.

17. The method of claim 16, wherein the partial pressure-velocity compensation factor is
maintained at a level of at least 0.2 psia'hr”' by controlling the weight hourly space velocity

and molar flow rate of oxygenate to the reactor.
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nlnopﬁbépﬁé{e nol ecul ar sieve is SAPO 34 or SAPO 18. 29. The

The nmet hod of claim28, wherein the

0 500 hr.

Pinder.

1

met hod of claim 29, wherein the silicoal um nophosphate nol ecul ar sieve is

SAPCO- 34.

23. The method of claim 15, wherein the oxygenate-containing feedstock comprises at
least one compound selected from the group consisting of methanol; ethanol, n-propanol,
isopropanol; C4-Cy alcohols; methyl ethyl ether; dimethyl ether; diethyl ether; di-isopropyl

ether; formaldehyde; dimethyl carbonate; dimethyl ketone; acetic acid; and mixtures thereof.

24, The method of claim 15, wherein the oxygenate-containing feedstock comprises

methanol or dimethyl ether.

25. The method of claim 15, wherein the oxygenate-containing feedstock comprises
methanol.
26. The method of claim 15, wherein the non-zeolite catalyst comprises a

silicoaluminophosphate molecular sieve and a binder.

27. The method of claim 26, wherein the 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,

mixtures thereof, and inter growths thereof.

7



30. The nethod of claim 15, wherein the oxygenate-containing feedstock is
contacted with the catalyst at 200C to 700C. 31. The nethod of claim 15,
wherein the average gas superficial velocity is greater than 2 neters per
second. 32. The nethod of claim 15, further conprising sepapgkimg prine
olefin fromthe olefin product. 33. The nethod of claim 32, further
conprising separating the prine olefin into ethylene and propyl ene

contai ning fractions. 34. The method of claim33, further conprising

contactinggt he 'ﬁltem{l:tﬁ&?op'élam 9 ylvﬁg}gl é%]m@al“m?héc/}%l fhhtg III&EQZE%IC% t@' yst to

f or m pol yet hyl ene or pol ypropy ene. clar . erein the
cat al yst adPQ-keordARiEh&L e- contalnlng feedstock are contacted in the
reactor and the product fromthe reactor is provided at a prinme olefin
selectivity of at least 62 wt. % and the partial pressure-velocity
conpensat i28n f ddeonethed ofrglaim P nwllerain the sidiveslungfiophkbsphata gholeoular pgiva'inr ' by
control I'i ng,ppehght hourly space velocity and nolar flow rate of oxygenate
to the reactor. 36. The nethod of claim 35, wherein the catalyst and the
oxygenat e-contai ning feedstock are contacted in the reactor and the

product f rgm t hﬁle rrﬁ&ﬁi@&f élampff)o‘(\}hgl%% ﬁ% Fnétgg?rﬁélﬁ L I}eedgtg%kegtcogﬂaét d Of at

| east 70 wt. % an artial ressure ensa

mai nt ai nedvithtthecatadyseat 2@0°Cat) 70@"élst 0.15 psia' hr' by control ling wei ght
hourly space velocity and nolar flow rate of oxygenate to the reactor. 37.
The nethod of claim15, wherein the average gas superficial velocity is
from2 to3d- nekhemethpdof slaiwphd wherein the average gas superficial velocity is greater than 2

. meters per second.

32 The method of claim 15, further comprising separating prime olefin from the olefin

product.

33. The method of claim 32, further comprising separating the prime olefin into ethylene

and propylene containing fractions.

34. The method of claim 33, further comprising contacting the ethylene or propylene with
a polyolefin-forming catalyst to form polyethylene or polypropylene.

35, The method of claim 15, 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 psia'hr"' by controlling weight hourly space velocity and

molar flow rate of oxygenate to the reactor.

36. The method of claim 35, 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 70 wt. %; and the partial pressure-velocity compensation factor is
maintained at a level of at least 0.15 psiahr' by controlling weight hourly space velocity and

molar flow rate of oxygenate to the reactor.

37. The method of claim 15, wherein the average gas superficial velocity is from 2 to 6

meters per second.




