WO 03/ 004444 PCT/ US02/ 15967 -1 I NH Bl TI NG CATALYST COKE FORMATION | N THE
MANUFACTURE OF AN OLEFIN This application clainms priority to U S. Ser. No.
60/ 302, 46®@0 oBjob4ad July 2, 2001, which is fully incorporatred/user/e967 by
reference. 5 Field of the Invention This invention relates to inhibiting
catal yst coke formation in the manufacture of an olefin. In particular,
this invention relates to inhibiting coké formation on a'
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s?é/a%ily increasing. It is projected that the increased demand for polyolefins will

outpace the availability of raw materials, e.g., ethylene and propylene, from which

polyolefins can be made.

15 Olefins which are used to make polyolefins have been traditionally
produced from petroleum feedstock by either catalytic or steam cracking of the
petroleum. The cost of petroleum cracking has steadily increased, however,
making it important to find alternative feedstock sources for olefins.

Oxygenates are a promising alternative feedstock for making olefins.

20 Particularly promising oxygenate feedstock are alcohols, such as methanol and
ethanol, dimethyl ether, methyl ethyl ether, diethyl ether, dimethyl carbonate, and
methyl formate. Many of these oxygenates can be produced by fermentation, or
from synthesis gas derived from natural gas, petroleum liquids, carbonaceous
materials such as coal, recycled plastics, municipal wastes, or any appropriate

25 organic material. Because of the wide variety of sources, oxygenates have

promise as an economical source for olefin production.

One way in which olefins can be made from the alternative oxygenate

feedstock is by catalytic conversion. In U.S. Patent No. 4,499,327, for example, a

catalytic process for converting methanol to olefins is described. The catalyst

30 used in that process contains a silicoaluminophosphate molecular sieve.



WO 03/004444 PCT/ US02/ 15967 -2 O course, it is highly desirable to
convert as nuch of the oxygenate feedstock as possible into as much olefin
product awopomedsl e. Vari ous nethods of doing such have lpesrussugyest ed.
For exanple, U S. Patent No. 4,677,242 describes a nethod of increasing

t he amount of ethyl ene and propyl ene produced 5 fromthe catalytic

conversi on of nethanol by addi ng an aromatic diluent to the nethanol. The
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rel ated to siliwahmibephosphatetrioldculyr sigpe. dihe et 2€ the dilusybist qoapidegdita t he

cages of a pre['f.erred HSAPO- 34 ce}.t ﬁ&fst. C@g{ eedi ng water w th nethanol was
found to sit§HFnERARGGASE AMQUUPLEYICRe rA. nunber of methyl groups per

ring, and increasgg, BiefiNY!£0® SR 864 HitlbYos albabalytRprotdss Re: cobivdfifig 282,
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considered to enable reduction in catalyst inventor There renains,

never t hel essromotess j Fthyleae.inipnesne and dulsashyrireeterssd QLR PORIRIES. of ¢ he
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from oxygenat es are -needée I ncrea e selectivity o
oxygensit e cop\@efin Qatalysicdr HEAPPa34,T dudrar Chent. Soet, BYVlerid3 aomd 4p4BpYi%ne,
W thout indicate that ethylene selectivity in methanol-to-olefin (MTO) catalysis is related
to the number of methyl groups on benzene rings trapped in the cages of a
preferred HSAPO-34 catalyst. Co-feeding water with methanol was found to
significantly increase the average number of methyl groups per ring, and increase
20 ethylene selectivity.
U.S. Patent No. 6,166,282, discloses an MTO process which uses a fast-
fluidized bed reactor. The process is carried out in a reaction zone having a dense
phase zone in the lower reaction zone and a transition zone which extends into a
catalyst disengaging zone. A portion of the catalyst is circulated from the
25 disengaging zone to the lower, dense phase zone. The arrangement is considered
to enable reduction in catalyst inventory.
There remains, nevertheless, a desire to improve the economic
attractiveness of the oxygenate conversion process. Catalysts and methods to
produce olefins from oxygenates are needed which increase the selectivity of the

30 oxygenate conversion reaction, particularly to ethylene and propylene, without

resorting to adding costly product enhancing promoters.



resorting to adding costly product enhancing pronoters. W 03/ 004444
PCT/ US02/ 15967 -3- Summary of the Invention In order to overcone the
vari ous pwolBmes4essoci ated with providing | arge quantitiPpe€3/usb2/od9ef i n
product which can ultimately be used in the manufacture of polyolefin
conpositions, this invention provides a nethod of inhibiting catalyst 5
coke formation during the conversion of3an oxygenate feedstock to an

ol efin- containing product. In a preferred enbodi nent, the oxygenate
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catal yst i srehdtOmenipRtturd%ffcbiiverd i, the @leotdnta3fie plwddmal ght oldfih-anot her
enbodi mrent of the invention, a portion of the separated catalyst 20 is

regener at ed WHRIEBEBrosket inithen eRerated drasm theoretalys apd at ieast @anosliqnsef thei or t o
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cat al yst i s doetpdneomiondofirtbe it rnedthmtJ:blﬁetwedcmtlﬁ@xpgﬂriate@dmma’imh@e
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average coke content of regenerated catalyst is less than about 2%, by weight, and
the average coke content of the combination of separated and regenerated catalyst
is from about 2%, by weight, to about 30%, by weight.

In another embodiment of the invention, a portion of the separated catalyst

20 is regenerated and combined with the cooled poﬁion of the catalyst prior to
contacting the cooled portion of the catalyst with additional oxygenate-containing
feedstock. Alternatively, a portion of the separated catalyst is regenerated and
combined with the cooled portion of the catalyst after contacting the cooled
portion of the catalyst with additional oxygenate-containing feedstock.

25 The invention further provides a method in which the olefin-containing
product is separated from the catalyst and collected. The recovered olefin-
containing product may contain at least about 85%, by weight, of ethylene,
propylene, or mixtures thereof.

The invention further provides a method in which the oxygenate-

30 containing feedstock may be selected from methanol, ethanol, n-propanol,

isopropanol, C4-C20 alcohols, methyl ethyl ether, dimethyl ether, diethyl ether,



30 containing feedstock may be sel ected from nethanol, ethanol, n-propanol,
i sopropanol, C4-C20 al cohols, nethyl ethyl ether, dinethyl ether, diethyl
et her, WWO03B004444 PCT/ US02/ 15967 -4 di-i sopropyl ether pCrarsorissehyde,

di met hyl carbonate, dinethyl ketone, acetic acid, and m xtures thereof.
The invention further provides that the nolecular sieve catalyst is a
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t her eof . Theagblaad misturesithereoicat al yst may be contacted with the oxygenate-
cont ai ni ng feedstack. t at ur fof about , 200C t o about 700C. In
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apparatus including a neans for catalyst cooling. Fig. 3 1s a schematic of
ri ser 1peact oonccembadisienty tippmialas sievelcathlysy isreantacted wvithctht alxygénatmol i ng.

25 Det ail ed Descr. ption o he I nventi.oan The pr nt i.nventjon provides a
ot hod of | nRTATIEQeRRIak fbP 2o RSO TON T T F00C COHPERR B of - an
oxygenat e fegdshd)eakd bRf@ALIYalch&-260M 280 Riehds pd'sechi@t - I n a preferred
enbodi ment, the oxygenate feedstock is reacted with a
In another embodiment, the invention provides polypropylene and/or
polyethylene manufactured according to the method of the present invention.
15 The present invention will be better understood by reference to the
Detailed Description of the Invention when taken together with the attached

drawings.

Brief Description of the Drawings

Fig. 1 is an illustrative representation of the formation of co-catalyst with a
20 small pore molecular sieve.
Fig. 2 is a schematic of a fluid bed oxygenate conversion apparatus
including a means for catalyst cooling.
Fig. 3 is a schematic of riser reactor conversion apparatus including means

for catalyst cooling.

25 Detailed Description of the Invention

The present invention provides a method of inhibiting catalyst coke
formation during the conversion of an oxygenate feedstock to an olefin-containing
product. In a preferred embodiment, the oxygenate feedstock is reacted with a
silicoaluminophosphate (SAPO) molecular sieve catalyst at an average reactor

30 temperature effective to form the olefin-containing product. The olefin-containing
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fromthe catal yst and at |east a portion of the catalyst is cooled to a
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reacti on zorfg® cont a f'eed Wi th catal yst

(whetfier  fresR tEabidicyatmidophosphbteahsldctat ddvesdontaiegenradairside qaimityst or a
m xture thereof), and continues to the point of disengagenment of product
from cat al yg:tf a(cg‘_taéytjcaﬂy apthyeaintpgrated hydrocarbon co-catalyst, which may be at least

one single ring aromatic compound, oxygenate contacting the

silicoaluminophosphate molecular sieve at appropriate reaction conditions will be

converted to form a product that has a substantial quantity of ethylene and
20 propylene relative to what has been previously achievable.

It is particularly desirable in this invention to maintain a relatively high gas
superficial velocity in the reaction zone to more approximate ideal plug flow
behavior. In this invention, ideal plug flow occurs when the reactants and
products move homogeneously through the reaction zone as plugs moving parallel

25 to a longitudinal axis in the reaction zone. For purposes of this invention, the
reaction zone begins at the initial point of contact of feed with catalyst (whether
fresh catalyst, recirculated catal};st, regenerated catalyst or a mixture thereof), and
continues to the point of disengagement of product from catalyst (e.g., cyclone or
other type separator). Also for purposes of this invention, the term, "gas

30 superficial velocity," or GSV, is defined as the combined volumetric flow rate of
vaporized feedstock, including diluent which can be present in the feedstock, and

conversion products, divided by the cross-sectional area of the reaction zone.



ot her type separator). Also for purposes of this invention, the term "gas
30 superficial velocity," or GSV, is defined as the conbi ned vol unetric
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area of the reaction zone. WO 03/004444 PCT/US02/15967 -6 In this
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sel ectbvity and caeﬂjfsy ltlends advikcplatdywieh eegefierbfieén. 0T en@lyst CaNbeadHeant
reaction. 25 In another errbo% ment . of the invention, the gas superficial

vel ocity is %€ O BRE: Peiglsuin Diegrepgtionggonen elt g idesirable. domteser 1mik theed and
total catal ygtalydeseltRPhYd add the mixed catalyst composition to the reaction zone.

The GSV may be increased to more closely approach a hydrodynamic
flow regime in the reaction zone that more closely approximates plug flow. As

20 the GSV increases above about 1.0 meter per second, a reduction in axial
‘diffusion, or backmixing, of the gases flowing through the reactor results from a
reduction in internal recirculation of solids, which carry gases with them..
Minimizing the backmixing of the gases in the reactor increases the selectivity to
ethylene and propylene in the oxygenate conversion reaction.

25 In another embodiment of the invention, the gas superficial velocity is at
least about 2.0 m/s at the point of contact with feed and total catalyst. Desirably,
the gas superficial velocity is at least about 2.5 m/s. Yet more desirably, the gas
superficial velocity is at least about 3.0 m/s. Most desirably, the GSV is at least
about 4.0 m/s at the point of contact of total catalyst.

30 With reference to Fig. 1, an integrated co-catalyst is formed by combining
an organic functionality and an inorganic molecular sieve. While not wishing to

be limited to a single theory of the mechanism of the formation of the integrated
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10 nol ecul aro@lhe e&{é[ﬁ%n{:dé%tq gal& Efgggwﬁfﬁ?dr?{\% égnggﬁ%sggé%{awggr%%li?%tﬁbeI i eved
to be parti catearpesatwtfabotd abeuf 250°Cconverti ng oxygenate feeds into |ight

olefins, particularly, ethylene and. propyl ene. The inventors have found
that regardl ess ofh%é\ﬁ?&rﬂéx cpifea besew?@}é@‘ﬁgi eyt Oké‘nlag?y ofl Aomstie i s a
tendency forifdie. corgatakyiatdt Sndapkadd W?thaﬂl_e' BAGHkY @nkHuRANSE SAYS

deposit 4 on or within the nolecul ar sieve. This 15 deposit is”also
referi@d to heleeilar sisve akd cormeigedaathiroa smell pora fiborwoso us bdipyeditd bes

accel erated by.e sur.e to. relati.vely high.t rat S Thus., upon
exposure to ¥ 1%‘?%3%? e%vﬁﬁ?rfcé)%e &t b &?%etfﬁgggﬁfi%g&{@ﬁﬁ%ﬁ’ B_ﬁ%f’?léﬁ?/_s
believed to degemdend prepyldienITHE idventolsBavde@uky |tidt 6dgar@le@Abf GowP@ei es t hat
are relativel égl neffective for converting oxygenate feeds to 20 |ight

ol efins. |n gegered co-eaalyplrisdemedotherenis & terdrapy farthe emrpatplysistoddsaradet i ng an
oxygenat e- cogt g Pla@ﬁlvé ‘E‘Erﬂﬁﬁaf%‘é&s"‘ﬁ st Oh & W@l %g)lécm FU AL 0Ty,
co-catalyst to Torman olefin-contalning product. LTt he pr o Ut
formeds the depbsit issisoanfbrregrtoterein rceksepar at ed, and the product is

collected. This s]g aratjon can be o .
gradation to a carbonaceous deposit is accelerated by exposure to

is

relatively high temperatures. Thus, upon exposure to relatively high temperatures,

the alkylated aromatic is believed to degrade, producing multi-ring dealkylated

orgaﬂic species that are relatively ineffective for converting oxygenate feeds to
20 light olefins.

In general, the process of this invention comprises contacting an
oxygenate-containing feedstock with an olefin forming integrated co-catalyst to
form an olefin-containing product. After the product is formed, the catalyst and
product are separated, and the product is collected. This separation can be

25 accomplished using conventional separation means such as cyclone separators or
filters.

After separation, some or all of the catalyst can be sent directly back to the
reaction unit, without regeneration, for reacting with additional oxygenate feed. A
portion of the separated catalyst can, however, be regenerated if desired. After

30 regeneration, the regenerated catalyst can be combined with the non-regenerated

portion of the separated catalyst and recontacted with additional oxygenate feed.



25 acconpl i shed using conventional separation nmeans such as cycl one
separators or filters. After separation, sone or all of the catal yst can
be sent dwoasib44back to the reaction unit, w thout regemeraiSovmoet or
reacting with additional oxygenate feed. A portion of the separated

catal yst can, however, be regenerated if desired. After 30 regeneration,
the regenerated catal yst can be conbi netl"wi th the non-regenerated portion
of the separated catal yst and recontacted with additional oxygenate feed.

WD 03/ 004444TIRGIdn SR8 24k m86 portio of e datilyst @gesdtidahedddras kédke te rhlRefcat al yst
is cooled in _order. to reduce the rate of degradation to coke. In one

embodi nent ofegrasdation fReakei on, coke formation can be inhibited by
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catal yst that is hot regenerated. Catalyst that is to"be regenerated need
not be 10 cohhiacs adnwillhredugeytheatdenp of cdegtadatrangehtheatrgari¢ psitivneofathy pr oduct

formed or any, unreacted, oxygenat i1l likely be oxidized during.the
Fegener at | onISRUREE B5-oF RN ox HErCoBShE B OY TS N SR E G
formation caghdlgstitAit BirdoR degdi¥rat@0! CAGIYsNEaE & &) ¥Sted2Bbrawdt ted emage
reaction tenperature. As defined herein, the average reaction tenperature

i s t hé0aver agpatasted: Wish oagganate nrivr de regeBerption einseang maodict iemedartasy out | et

t enper at ur e. || of the.catl gl J be cpaled |1t. is preferable,
honmver Ut o yhBfer® doRtnb LRif k) B3 bdfEE abfnd BRLfSnetioh Biftbgy o P2,
Wi t hout regener atincshottr efinbbaiddeyit of hhes investicdd coiey foreati@f cdhe: mathakeyist Wil |

be within a tenperature range of about 400 and, 470C, and is at |east 10C
| ower than tPe cadldaie caalyplobelowniher aietace. reppiion tennpsratisy apisydefingd cool ed

portion of t ca i : t h v ¢tor.
Fenper at ur e, o Wt ¥¥tral? sBioubf Aehuopiatur; Withe | ARMER"Pr o HR0E 512
enbodilfrent ofeniphetireardtheaegctaautdbytsmperatucont acted wit h

oxygenat e- cont ai nli\Igtgalf gfetﬂg E:gcgll}(fsttn%eé 8&2 cr:rc]b?end. Oﬂt ?s,fgrgfelqa%g, iovrslzie\rfle%, t%rcgglutﬁg - The
portion of the catalyst that is to be recycled without regeneration. Preferably, the
cooled portion of the catalyst will be within a temperature range of about 400 and
470°C, and is at least 10°C lower than the average reactor temperature. More
20 preferably, the cooled portion of the catalyst is at least 20°C lower than the
average reactor temperature, and most preferably at least 30°C lower.

In a desirable embodiment of the invention, catalyst is contacted with
oxygenate-containing feedstock to form an olefin-containing product. The
product is then separated from the catalyst and at least a portion of the catalyst is

25 recycled to the reactor without regeneration for further reaction with oxygenate-
containing feed. A portion of the catalyst can be regenerated, if desired, and the
regenerated portion is then recycled to the reactor.

Preferably, the portion of the separated catalyst that is not regenerated is
cooled, and then combined with the regenerated catalyst portion. Cooling can be

30 accomplished using conventional heat exchange equipment. The cooling medium
can also be conventional. Either water or air as the cooling medium is desirable.

However, it is preferred to use the feedstock itself so that the exchange of heat



product is then separated fromthe catalyst and at |east a portion of the
catalyst is 25 recycled to the reactor wi thout regeneration for further

reacti on wotob/oodygenat e- containing feed. A portion of theczxaisat/y®67 can be
regenerated, if desired, and the regenerated portion is then recycled to
the reactor. Preferably, the portion of the separated catalyst that is not
regenerated is cooled, and then conbin®d with the regenerated catal yst

portion. Cooling can be 30 acconplished using conventional heat exchange

equi pment . THA! £98] preBedTei MBAERR RESE e c6RaMBN WilnalalysEl 1t lilsg;sref@fe%r or air
as the cooling nediumis desirable. However, it is preferred to use the
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However, t heinfeegane tiat @mh-RpcherstedsifReehgo @ dfteélng! orGalant® igpRRined and
then cool ed. The feedstock can be injected to the non-regenerated stream

bef or eSor aftedhe esabinpdjcatelystibefaraar sliericaplitd ed 5 to the conbined cat al yst
before or after c i t. i .qgﬁ': . i.N:this | i .
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entire reacttheneRyishamstbmi (i.g., teemt@aatdction zgstem bty theeehdtionl Aht othezone,
which is the zone that reciruclates catal yst Withou‘tle regeneration, and the
regener at i onfeSIEHEIIBe Z0n¢c JYHER 1St Hhuamet jeatr desipelstest icalRlytb wEh@t ¢ hat

5, Without LEGRARIAL AR ORBAGRION A0S HOYSIEIP 1RBRNARE doHE et

catal yst contrnually circu rough”the reaction zone and recircul ation
zone a0 a nmss; that ip vdﬂlouar@eya’at_icbm Desirabdpcthe epstzone operatedt sulch dhlatunt  of

catalyst in th reactign and recircul gti on zone of from about 0.01 to
about 0. 99: 1oyt rEREmEllY Pulales Sareinte Pt RRGone gnd ereelaon €orisd er abl y
from about 0y Zak@ raRPE cRalstlin the@MdnRonk tBr16faEhBudt bf eAmROM .- 3 tO
about 0.7:1. The rate of catalyst recircul ated without regenéeration to

contact the edipntand rasacvlatien rore ebirenmalousdl§l tvebout GPUE; prefyebly
Desirably, the 865 8 HOBRLCHbAN Morcl ScAEA BRNINGh: bO ADRUL, 4301 mes

t he total e of oxya%na €s’to erea re d abl y,

the rase of 4mAahést pledtiably figin hb@moaeWbolid.7:0. about 80 times 20 the total
feed rate of oxygTenat es to the reactiqgn zone, and npost desirably from

about 10 to about Iorats ofecatalyb recyeulpted sdthoupregepratipy igcraieskthe &edrie

reaction Zonge reaction zone may vary over a wide range. Desirably, the rate of recirculation

is from about 1 to about 100 times the total feed rate of oxygenates to the reaction

zone. More desirably, the rate of recirculation is from about 10 to about 80 times

20 the total feed rate of oxygenates to the reaction zone, and most desirably from
about 10 to about 50 times the total feed rate of oxygenates to the reaction zone.

The catalyst that is used in this invention is one that incorporates a

silicoaluminophosphate (SAPO) molecular sieve. The molecular sieve comprises

a three-dimensional microporous crystal framework structure of [SiO,], [AlO;]

25 and [PO,] corner sharing tetrahedral units. The way Si is incorporated into the

structure can be determined by *°Si MAS NMR. See Blackwell and Patton, J.

Phys. Chem., 92, 3965 (1988). The desired SAPO molecular sieves will exhibit

one or more peaks in the 2Si MAS NMR, with a chemical shift §(Si) in the range

of -88 to -96 ppm and with a combined peak area in that range of at least 20% of

30 the total peak area of all peaks with a chemical shift 5(Si) in the range of -88 ppm

to -115 ppm, where the 8(Si) chemical shifts refer to external tetramethylsilane

(TMS).



The catalyst that is used in this invention is one that incorporates a
sili coal um nophosphate (SAPO nol ecul ar sieve. The nol ecul ar sieve

conpri seswoashuae- di nensi onal m croporous crystal frameweCr/ts0z/gIsUr e of

[ SiOA2], [A102] 25 and [P0O2] corner sharing tetrahedral units. The way Si
is incorporated into the structure can be determ ned by 29Si MAS NMR See
Bl ackwel | and Patton, J Phys. Chem, 9% -3965 (1988). The desired SAPO
nol ecul ar sieves will exhibit one or nore peaks in the 29Si MAS NVR, with
a chem cal shift 6(Sif} ié preftied BROBe sAicoaBEicbhodthaRPRbRRAIER: AsqPnbi ned
peak area in that range of at |east 20%of 30 the total peak area of all
peaks with aincdhisipveation have a Slaivelyi lawmt$iA D satige Togensdd, therowerdhe $VALppm

where the b(Si. i C ifts. refer . to external tetramethylsilan TMVS) .
WO 03/ 0044421 érﬁ’%%?%@ﬁ'&ﬁfﬁ“%?s feéecglrvgmﬂlﬁﬂﬂ%rﬁvawp%e sefecivity. A (TV8)
si | i coal um nepADSEHaLE 168 eaUD.85 iS deNRblS edth 4 B/AN &tib @Y%@%A'F&atetl%% a
relatively low Si/Al 2 ratio. In general, the lower the Si/AI2 ratio, the

| oner ?he c10-64 b§algmr@ﬁe€§d,sa@ﬂ@o$1?%@§qo plnatigeenteirthan B2 baime peglcabaiyvity. A
Si/A 2 ratio S . 65 1 I.rabl with. a Si/A 2 ratio of not
greater thanp%%eéegoﬁb%?%g r%goe%eéoﬁg%%%ért\ ade'g? }Sﬁg%tpﬁe?? éﬂof not greater than
0. 32 being parti cBiliaodlyminmphbsphatecnolécubar hbs add pehetdllynissifie@ak einghan 0. 20

is nost preferred. Silicoal um nophosphate nol ecul ar sieves are generally
classified aRiPPHgUsAoaiesplshevwefatlr puls membersd mne stoictuses. 1Dhasemingr ed ri ng

structures. | t . ; r r ' ngi ng

From about 3 BeiEeLiDOS bHatREP AP ATHRLRY HB0R PI3 Heliplf

nmol eclfar siBweésrddavé thy smlbpae S P ardesia aievts hadsg thaveragopidre 3ize

angstrons, preferably an_average pore size ranging from abou 3.5to 5

angst r oms, rr%]fl S5 ﬁ%"f%t%oéﬂb? ﬁngsitr(?%isagr&fﬁra .Y%l_l%erasgezp%a@? FoREe f%‘ﬁ%%o‘ﬁore

sizes are typkegh a%éstfﬂ?hs?fﬁ&ﬂr@?re?érﬁiﬂ@sﬁd?ﬁ\éb&ﬁ 38 f@ﬂ@%ﬁ?ﬁroﬂx}spgﬁwséﬂ?l@ener al,
ar ecu

si | i coal um nophosphat e nol ecu _siéves conprise a no ar 1 ramewor k
of cor ner - shdrdsige fysicabyt mplaggday sieven dayipg S|membarethdngsal units. This type

of framework is effective.in convenrti varj ous oxygenates into olefin
products. The [Pollf]gegl é]ia}iasﬁga?@fnlﬁ(?ﬁ}lf)gpq%tetW]Ot?c'lﬁﬁ]ém?%gr?ﬁmpﬁe %tmr(ﬁ e of the
nol ectbar sigatgewdrkt ¢ Sorhevehatih®@ ISICRN, REOPY, vl ded, Ptans@al @lits. ofhis

conposi tions. . . . . .
type of framework is effective in converting various oxygenates into olefin

products.
The [PO,] tetrahedral units within the framework structure of the
molecular sieve of this invention can be provided by a variety of compositions.

20 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 silicon and
aluminum-containing compositions under the appropriate conditions to form the
molecular sieve.

25 The [AlO,] tetrahedral units within the framework structure can be
provided by a variety of compositions. Examples of these aluminum-containing
compositions include aluminum alkoxides such as aluminum isopropoxide,
aluminum phosphates, aluminum hydroxide, sodium aluminate, and
pseudoboehmite. The aluminum-containing compositions are mixed with reactive

30 silicon and phosphorus-containing compositions under the appropriate conditions

to form the molecular sieve.



20 Exanpl es of these phosphorus-contai ni ng conpositions include phosphoric
aci d, organi c phosphates such as triethyl phosphate, and al um nophosphat es.
The phoswbasoug4€cont ai ni ng conpositions are m xed with r@extivs13961 i con
and al um num contai ni ng conpositions under the appropriate conditions to
formthe nolecular sieve. 25 The [Al102] tetrahedral units within the
framework structure can be provided by“a vari ety of conpositions. Exanples
of these al um num containing conpositions include alum num al koxi des such

as al um numi soprmgs@] tefthiA ) UARIRN QSRNAUBS | frah 4R UB-IYHE 0¢dnd®e SOdi UM
al um nate, and seudoboehm te. The al um num contai ni ng conpositions are

m xed with rI@QEI@Pd/é’}B@ variptyceh C@mﬁomphEK%rQPk}S)rﬂfathmenghwméammgns under

t he appropri ieve 3/ 004 44

bet CRbof b abeSRit s %&Fg 03? ST 40 SRS s en, O

structure casrthosilicpteoviTied siﬂhyo@cmmmﬁfgy C@ﬁlp@;ﬁfmﬁ;s btd oWiged E\Xﬁﬂﬂbﬁﬁw@f t hese
silicon-containing conmpasitions include silica sols and_silicium al koxi des

such a3 tet rAWBHK  ansh {sphareequtaining §PlniP€%H0%Soﬁ%né§Phlﬁh@ EPRFPBEE ons are

m xed W th reaghi s Ui sphor us- cont ai ni ng conposi tions under
t he appr Opl’l(%;ﬁe Oconogfl ?l#lonsﬁlpggc girj?ﬁ e nol ecul ar sieve. Substituted SAPGCs

can al so be used Substitutesl $APOnamAlso Dhasal tothpoimmeitionar Fhege b@npbinds known as
MeAPSGCs or net al n Ium nophosphat es he net al can be

al kali metal®? &ﬁ%erﬁl%‘gﬁ‘b %& ?\4%14*1%;(3 CANAEENY siji BifsPhates | A)

rare earth ipRSmtE exbd hikBi ndigl iyl (tgroh A, %ﬁﬁ@%h%&éﬁ@ﬁé%}ﬂo thanum
cerium praseodym um neodym um sanarium europium gadoliniu bi um

dyspr &8i um Ihd), rangngartbribns (hrouh dIBu mclyding thei lanthamald Ielﬂnmntw rla,ntlmmdns candi um

tt di .t | .t t t f B, VB, VIB,
Wie i O b e R R by PRler e TS bl 2o,

My, M, Co, d¥sproSm,helmiut, ,erl‘Zﬁm @fﬁhuﬁnﬁt’c@fﬁﬂmpﬁnd WA REn; 3@ FBarfidiin Be

i nserted into the tétrahedral framework throu [I C)Z tetrahedral unit.
The [ MeQ2] t¥triEnetdathe aiditiongl fraesition cafians edfelaraupe [¥Bargd ¥BpeNHBag on t he
val ence statﬁlfg aBH?B.”E‘t al substituent.

15 Preferably, the Me represents atoms such as Zn, Mg, Mn, Co, Ni, Ga, Fe,
Ti, Zr, Ge, Sn, and Cr. These atoms can be inserted into the tetrahedral
framework through a [MeO,] tetrahedral unit. The [MeO,] tetrahedral unit carries
a net electric charge depending on the valence state of the metal substituent.
When the metal component has a valence state of +2, +3, +4, +5, or +6, the net

20 electric charge is between -2 and +2. Incorporation of the metal component is
typically accomplished adding the metal component during synthesis of the
molecular sieve. However, post-synthesis ion exchange can also be used.

Suitable silicoaluminophosphate molecular sieves include SAPO-5,
SAPO-8, SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-

25 34, SAPO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44,
SAPO-47, SAPO-56, the metal containing forms thereof, and mixtures thereof.
Preferred are SAPO-18, SAPO-34, SAPO-35, SAPO-44, and SAPO-47,

| particularly SAPO-18 and SAPO-34, including the metal containing forms
thereof, and mixtures thereof. As used herein, the term mixture is synonymous

30 with combination and is considered a composition of matter having two or more

components in varying proportions, regardless of their physical state.



When the netal conponent has a val ence state of +2, +3, +4, +5, or +6, the
net 20 electric charge is between -2 and +2. Incorporation of the netal
conmponentwDl)3/0044pd cal | y acconpl i shed addi ng the netal compemarsp2/tiesi ng
synthesis of the nolecular sieve. However, post-synthesis ion exchange can
al so be used. Suitable silicoalum nophosphate nol ecul ar sieves include
SAPO-5, SAPO-8, SAPO 11, SAPO- 16, SAPG2t7, SAPO- 18, SAPO- 20, SAPO- 31,
SAPO- 25 34, SAPO 35, SAPO 36, SAPO 37, SAPO 40, SAPO 41, SAPO 42, SAPO 44,

SAPO- 47, SAPO- 56, { TP : f . i t her eof .
Preferred are SAP[%tl ?@HH%%J&S I%%% @%%BE%%&%& (%aina sog%%&mﬁ ;&y{neéle

parti cul ar| ycaBARO ¢@mpesiti@APOASdminopbdsphipteg mdlecuteet alevesordrai eriysiglliner s

t hereof, and nixturesﬂ%igere f.. As ysed herein, the termpixture jis
synonymous. FBHIRFOBoERR TS SRl TRES i oThd: dmeweEkpod PEY 670 dfvRa t er
having .t wo ofddihel deRBRsenkdid Nthy AR oRE ORAitdI9Nhave egalstheSsoef their
physi cal state. WO 03/004444 PCT/US02/ 15967 -12 An al um nophosphate (ALPO
nmol ecud ar sidipendens sngingh&omebaried angstiomes ta gbeutytd apgsipvnes tandnare

Al um nophosph | ecul ar sieves are crystallin nm.cro ous oxi des which
can have. an Agrids OF pRktiediae Y BEET: EpfafbleoTaolsP o Mefied Rlcde bbbt n "t ho
framework, tqopegsdrhorurdayses baid bédi Bpsreedd indludRisicolite topalghiedl nayguahout 3

angstrons to about 10 angstrons, and are capable of nmaking size selective
separ ati ons df Heleecidtaiteds pdescaptionpé tthan begkerowsk eandt syethesie tfpes have

been 1 epor t egumlsBchudhig: 18Rkl QROAGNGE! 4 TFAASUSR 16 ML ekl | o

description roun synt hesi s al im nophos es is found
in U B Pat.heNan by, BfBreddd in \ifsi ettirétg. | Beaderpslr ATPD budtereei ate AYLPOf%rence in
its entirety ef er P ryctures_ ar LPO-5, ALPO 11. ALPO 18,
ALPO- 31, AL B :llAéEg?)sﬁgk Agﬂ%&ﬁg ARG Aesdhes. AE%%'3ZL@3%AEEQ'46Q'SO_

nol ude a metal SHRSWIIHRNGal Tidd Snd6RTE Rl SbRGERDLY iis! RemBROA | S

sel ected fromthe group consisting of nagnesium manganese, zinc, cobalt,
and m xt ur esPrefeeabdaf theThietd ivnsedacteal $ropr dhergudipy centistigt of Ibagndsionpt i on,

o exchange, shdhor S AUl Rt ARELLLER,S HAL AA LIS LoBle.
Menbers of tddk&pabRSnanchdndei dndRr eRelatd propefRs dAaalar RedlubiinddilRatePat . No.
aluminophosphate and silica aluminophosphate molecular sieve compositions.
Members of this class and their preparation are described in U.S. Pat. No.
4,567,029, incorporated herein by reference in its entirety.
The metal containing ALPOs have a three-dimensional microporous
20 crystal framework structure of MO,, AlO, and PO, tetrahedral units. These as
manufactured structures (which contain template prior to calcining) can be
represented by empirical chemical composition, on an anhydrous basis, as:
mR: (MxAlLP,)O,
wherein “R” represents at least one organic templating agent present in the
25 intracrystalline pore system; “m” represents the moles of “R” present per mole of
(MAIyP,)O; and has a value of from zero to 0.3, the maximum value in each case
depending upon the molecular dimensions of the templating agent and the
available void volume of the pore system of the particular metal
aluminophosphate involved, “x”, “y”, and “z” represent the mole fractions of the
30 metal “M”, (i.e. magnesium, manganese, zinc and cobalt), aluminum and

phosphorus, respectivély, present as tetrahedral oxides.



4,567,029, incorporated herein by reference in its entirety. The netal
contai ni ng ALPGCs have a three-di nensi onal mcroporous 20 crystal franmework
struct ur ewofo3mR44 A102 and P02 tetrahedral units. These a®CTrsaiiet ur ed
structures (which contain tenplate prior to calcining) can be represented
by empirical chem cal conmposition, on an anhydrous basis, as: nR
(MKAlyPz) @2 wherein "R' represents at 1¥Bast one organic terrpl ating agent
present in the 25 intracrystalline pore system "m' represents the noles

of "R' present perhdiRbR] BéntaiceMYPB) (R BRRHNRS réFeddd E)eb}p{hle R)[rﬂgﬁlee[so to

0.3, the maxi num val ue in each case depending upon t
di mensi ons oMeAR®.t b ani thgseagases winete tthe maalaf‘M@blm thei cbmmisuma of the

pore system of the ticul ar al.u hosphat e i v "

and "z" repr@%%%eflﬁgﬁ%ﬁrgnwm?Q% aBI?heF%?%) ‘?’EE?%?F loﬁ\ﬂrgll ]iaﬁ¥ ZAr%@;ne& um
manganese ZMAAPE Gn@0LBAPD, a8d W \Agpmunt@rtﬂe ﬂ%b'swhircﬁs&ﬁﬁahh VEhY,
present as tetrahedral oxides. 03/ 004444 / US02/ 15967 -13 The net al
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up each of t&&PQrhN Bpr]cl Elodd: oMiPO, COoAPO and MhAPO, each
species is assigngg ag &H%lnﬂﬁgo#ﬁegkg?tﬁlkédl d’mgv%g %fea&n?hesﬁ d %APO5

MAPO-1 1, CoAPO 34 an coal um nophosp ecu
si eve$lar e slynirdtbainme derpstalliztidny drediddsr gamleratlyy Rh@ih |math|eom maSlaeQdﬁ)r
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m xing together reactive silicon, alumnuma phosphorus conponents,
al ong with atcadtioasmixgwe isdophed by ey tidethet In@cm/extsurcen 15um$mmeahéd and

100G, pr ot erdseg v R sorong e 155 O b FRBueY teanRormed.
15 is sealed and heated, preferably under autogenous pressure, to a temperature of at
least 100°C, preferably from 100-250°C, until a crystalline product is formed.
Formation of the crystalline product can take anywhere from around 2 hours to as
much as 2 weeks. In some cases, stirring or seeding with crystalline material will
facilitate the formation of the product.
20 Typically, the molecular sieve product will be formed in solution. It can
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
25 reaction mixture. The crystalline structure essentially wraps around the template,
and the template must be removed so that the molecular sieve can exhibit catalytic
activity. Once the template is removed, the crystalline structure that remains has
what is typically called an intracrystalline pore system.
In many cases, depending upon the nature of the final product formed, the
30 template may be too large to be eluted from the intracrystalline pore system. In
such a case, the template can be removed by a heat treatment process. For

example, the template can be calcined, or essentially combusted, in the presence



Formation of the crystalline product can take anywhere from around 2 hours
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sieves or predominantly one sieve where one template is more strongly directing
than another.

Representative  templates include tetraethyl ammonium  salts,
cyclopentylamine, —aminomethyl cyclohexane, piperidine, triethylamine,
20 cyclohexylamine, tri-ethyl hydroxyethylamine, morpholine, dipropylamine
N (DPA), pyridine, isopropylamine and combinations thereof. Preferred templates
are triethylamine, cyclohexylamine, piperidine, pyridine, isopropylamine,
tetracthyl ammonium salts, dipropylamine, and mixtures thereof.  The
tetraethylammonium salts include tetraethyl ammonium hydroxide (TEAOH),
25 tetracthyl ammonium phosphate, tetraethyl ammonium fluoride, tetraethyl
ammonium bromide, tetraethyl ammonium chloride, tetracthyl ammonium acetate.
Prefetred tetraethyl ammonium salts are tetraethyl ammonium hydroxide and

tetracthyl ammonium phosphate. |
The SAPO molecular sieve structure can be effectively controlled using
30 combinations of templates. For example, in a particularly preferred embodiment,
the SAPO molecular sieve is manufactured using a template combination of

TEAOH and dipropylamine. This combination results in a particularly desirable



15 group. Mxtures of two or nore tenplates can produce m xtures of
different sieves or predomnantly one sieve where one tenplate is nore
strongl y worieood4mg than another. Representative tenpl at epCirnsoo®e?
tetraethyl ammonium salts, cyclopentylam ne, am nonethyl cycl ohexane,
pi peridine, triethylamne, 20 cyclohexylanmine, tri-ethyl

hydr oxyet hyl am ne, norpholine, dipropylam ne (DPA), pyridine,

i sopropyl am ne and conbi nations thereof. Preferred tenplates are
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tenpl ates. F ina particularly preferred enbodiment, the SAP
nmol ecul ar S|%\E/)Ieegﬁlgf%ﬁeuf actured using a tenplate conbi nation of TEACH and.
di propyl am ne. ThMatetiaisbwhizhican bedﬂeﬁd‘es with thepasletulall geveycaiesd vakde WO

03/ 004444 PCT/ USOZ/ 1];967 -15 SAPQ structure _for the conversion of

oxygenat es, PEFOT EYRRFIFYDNELING Msreriahl or vRTRYE deppistials Jheﬁeglﬁﬂte@ﬁ]éfl ns

such as et hWn@Iﬁ@e%BﬁﬁpQﬁﬁ&Ys‘ §ﬂﬁ asT(Ia %bﬁdﬁ & HRVOQRRGSP go ld r sieve
é]) lh r materia

is typically adm xed (i.e., | ende ended,
t he ré8ul ti ngeabapostat IOEIdeS,SOthEI‘ mp+zcalhtbycataiyﬂrccedpdrxan‘as zaolSARQtz(ljadtal yst,
with the cataqn#st conpri sing the. SAP mol ecul ar si eve,, t rlal .whi ch can

e
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active mat erak, sififa ¥ALlieASr Blis6s1, BRI Bfikiales th&&ﬁserﬂ@é o, gdfnﬁants' 4)¢! ude
conposi tions such as kaolin and ot her cl ays, various forns rare earth 10

netal s, net alsosdiertiye intadueingointer abiti QV@rad;]aaawlxsttcostmmog@maghemnbmke
catalyot  SoMENENL i W L o e SR BB R S TS
thered$. Thesd inaomdmesitalysrsaength. It is particularly desirable that the inert materials
that are used in the catalyst to act as a thermal sink have a heat capacity of from
about 0.05 to about 1 cal/g-°C, more preferably from about 0.1 to about 0.8 cal/g-
°C, most preferably from about 0.1 to about 0.5 cal/g-°C.
Additional molecular sieve materials can be included as a part of the
20 SAPO catalyst composition or they can be used 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,
APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA, CHI, DAC, DDR, EDI, ERI,
GOO, KFI, LEV, LOV, LTA, MON, PAU, PHI, RHO, ROG, THO, and
25 substituted forms thereof. Structural types of medium pore molecular sieves that
are suitable for use in this invention include MFI, MEL, MTW, EUO, MTT, HEU,
FER, AFO, AEL, TON, and substituted forms thereof. These small and medium
pore molecular sieves are described in greater detail in the Atlas of Zeolite
Structural Types, W.M. Meier and D.H. Olsen, Butterworth Heineman, 3rd ed.,
30 1997, the detailed description of which is explicitly incorporated herein by
reference.  Preferred molecular sieves which can be combined with a

silicoaluminophosphate catalyst include ZSM-5, ZSM-34, erionite, and chabazite.



al so effective in reducing, inter alia, overall catalyst cost, acting as a
thermal sink to assist in heat shielding the catal yst during regeneration,
densi fyi ngotoamowat al yst 15 and i ncreasi ng catal yst strengPeT/usn2/i13967
particularly desirable that the inert materials that are used in the
catalyst to act as a thermal sink have a heat capacity of from about 0.05
to about 1 cal/g-C, nore preferably f rof-about 0.1 to about 0.8 cal/g- C,
nost preferably fromabout 0.1 to about 0.5 cal/g-C. Additional nolecul ar
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material of this invention, as this indicates the presence of benzene. Benzene also
has the desired effect on catalytic activity, as it rapidly reacts with the oxygenate
to make alkylated single ring aromatics.
20 Preferably the integrated hydrocarbon co-catalyst which may be a single
ring aromatic within the silicoaluminophosphate molecular sieve or catalyst
containing the silicoaluminophosphate molecular sieve will exhibit a ratio of the
intensity of the peak in the 18-40 ppm region to the intensity of the peak in the
120-150 ppm region of not greater than 1.0. More preferably, the integrated
25 hydrocarbon co-catalyst which may be a single ring aromatic within the
silicoaluminophosphate ~ molecular sieve or catalyst containing the
silicoaluminophosphate molecular sieve will exhibit a ratio of the intensity of the
peak in the 18-40 ppm region to the intensity of the peak in the 120-150 ppm
region of between about 0.15 and about 0.7.
30 It is desirable that the integrated hydrocarbon co-catalyst be present within

the porous structure of the silicoaluminophosphate molecular sieve in an amount

effective to enhance the conversion of oxygenate feed to olefin product,



The desired aromati c conposition of the integrated co-catal yst can be
identified by Solid State Nucl ear Magnetic Resonance (SSNMR) spectra
conpri si nyoaspeshs i n the 18-40 ppmregi on and a peak in tREeTARO2/1B67 ppm
region. Preferably, the aromatic conposition is selected fromthe group
consi sting of alkyl 15 substituted, si ng7l e ring aromatics. Alternatively,
if the intensity of the peak in the 18740 ppmregion is negligible, a
singl e peak near 128 ppm al so indicates a useful material of this

i nvention, asartiflilly Bdh €atRBukilh HTQHCAES eMhankE BB ityBEEBNEnMPor Nas the
desired effect on catalytic activity, as it rapidly réacts with the
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the porous structure of “the si nophosphat e nol ec | ar siévein an
amounf0 ef f eint accerdance vitn dESt Apploative r¥6.009/693,6X4; gnatperdiek detein dlyef i n
product, WO 03/004444 PCT/ US02/ 15967 -17 particularly at a concentration
ef fective td°Ehf¥fice selectivity to ethylene and/or propylene. The

i ntegrated hydr ocRédedessfSHetHeY ahy ?@ﬁeﬁﬁleﬁﬁfstuség toPol M WOGAERAYst, the
conposition within the porous structure of the silicoal um nophosphate
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the sifi coalsigvienopdiasphadtbatethecathkt. ColevRrm&Ndn @n@nbil cidige RhieC
portion of tbhye r;la?;ltg%rir?g ecgntggt_ %g'}waeler){ Séctiggyca?e?lygig rsggs on and/or within the
molecular sieve and oxygenate molecules at appropriate olefin conversion
conditions. In addition, coke formation can be inhibited by selective cooling of
catalyst.
20 In this invention, a feed containing the 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 system.” Another part of the
25 reaction system may be a “regenerator,” which comprises a volume wherein
carbonaceous deposits (or coke) on the catalyst resulting from the olefin
conversion reaction are removed by contacting the catalyst with regeneration
medium,
Another part of the reactor system is a device for cooling the integrated co-
30 catalyst after it is separated from the olefin product stream and prior to re-

introduction to the reaction system. In various embodiments of this invention, a

portion of the catalyst will be directed to a regenerator. In the regenerator part or



prior to contacting with the oxygenate feed. This pretreatnent may be
carried out 10 in accordance with U S Application No. 09/593, 620,

i ncor por aWed3letei n by reference. Regardl ess of whet her aay/ysoz1vent nent
is used to formthe co-catalyst, the activity and selectivity of the
catalyst will be inpaired if the co-catalyst is converted to coke. In
general, coke formng within the pores‘]cﬁf'the nol ecul ar 15 sieve tends to
deactivate the catal yst. Coke formation in general can be inhibited by
mai nt ai ni ng aloof &etcoke b BMeARydryCarbaisabibintnSol 8% @RIFANIPbe rebidai N the
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system may be a "regenerator,” I ch conprises vol une wherein
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cooling the éhéggEabSIY1COMpBUNER Al Rl Kebineb,! cdrBo:s/RaAe Lafbbopiid he

ol efin product stream and %or to re- introduction’to the reaction system
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be directed : 3 or . ln.the.regenerator_part or 03/ 004444
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preferable to ma aln a certaln avera carpbonateous deposits
and olani ¢ lpmited tn nodthdnod dtietnel apregdarod;- serapast;. C4 - Cyo alcohols; methyl

ethyl ether; dimethyl ether; diethyl ether; di-isopropyl ether; formaldehyde;

dimethyl carbonate; dimethyl ketone; acetic acid; and mixtures thereof. Preferred
oxygenate compounds are methanol, dimethyl ether, or a mixture thereof.

The method of making the preferred olefin product in this invention can

20 include the additional step of making these compositions from hydrocarbons such
as oil, coal, tar sand, shale, biomass and natural gas. Methods for making the
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

25 steam reforming, autothermal reforming and partial oxidization.

One or more inert diluents may be present in the feedstock, for example, in
an amount of from 1 to 99 molar percent, based on the total number of moles of
all feed and diluent components fed to the reaction zone (or catalyst). As defined
herein, diluents are compositions which are essentially non-reactive across a

30 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,



The oxygenate feedstock of this invention conprises at |east one organic
conpound whi ch contains at |east one oxygen atom such as aliphatic

al cohol s,woaBlewrss car bonyl conpounds (al dehydes, ket onesPpCcxrarsboxighi c
acids, carbonates, 10 esters and the |like). Wen the oxygenate is an

al cohol, the al cohol can include an aliphatic noiety having from1 to 10
carbon atons, nore preferably from1 t-d% carbon atons. Representative
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essenti al | y HIRRFUPEOUFE paraffins (especially the alkalies such as

met hang, ethane, AgpadiRg ‘t)cp@&B?e)fenr&ﬁ&ﬁﬁﬁdiﬁ%‘%ﬂﬁﬁ‘iﬁ%ﬁ%ﬁ,\’i?i@éx‘ﬁ&t@@ t
essentially non-reactive aromatic conpounds, and m xtures thereof. The

preferred didoledermasipn wiltberinkihidedi This degs. not Weaa that gsokdhorinajiecwdtibe n ei t her
liquid or Vae[ff?ﬁin&t%,rgut that the tendency to form coke will be reduced, i.e., that total coke
formation should be reduced. Even at reduced coke formation, it is desirable to
remove at least some of the coke level by regenerating at least a portion of the
20 catalyst and returning the regenerated catalyst back to the reaction unit. This
regeneration can occur periodically within the reactor by ceasing the flow of feed
to the reactor, introducing a regeneration medium, ceasing flow of the
regeneration medium, and then reintroducing the feed to the fully or partially
regenerated catalyst. Regeneration may also occur periodically or continuously
25 outside the reactor by removing a portion of the deactivated 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 level of coke on the entire
catalyst within the reactor.
30 The conversion of oxygenates to produce light olefins may be carried out
in a variety of catalytic reactors. Reactor types include fixed bed reactors, fluid

bed reactors, and concurrent riser reactors as described in “Free Fall Reactor,”



5 Hydrocarbons can al so be included as part of the feedstock, i.e., as co-
feed. As defined herein, hydrocarbons included with the feedstock are

hydr ocar bwo oisooaesi ti ons which are converted to anot her clremiusa/ 15967
arrangenment when contacted with nol ecul ar sieve catal yst. These

hydr ocarbons can include olefins, reactive paraffins, reactive

al kyl aromatics, reactive aromatics or -i0xt ures 10 thereof. Preferred
hydrocarbon co-feeds include, propylene, butylene, pentylene, CA+

hydr ocar bon t r m es; t f. Mre
preferred agﬁ%gﬁ ce gsEégnaQY + h;%ﬂgcar o? ???Fgﬁgd Iéh%ﬁ ?% ﬁﬁé%&
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desired | ev e on the entire catalyst w e react °30 The
conver si on cxfxygmag@rmtldgldt@a;hond\umeh Imagfhbpmdnaﬂy the inmele eedc per hmm‘ mut in a

vari ety of cat, rs, Reactor ncI de fixed bed reactors,
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Fal | React orfeed WK AR4POOAAAN oﬁg/n%?dﬁslafﬁﬁﬁ act g@mEhybfiuﬁ@éﬂt@@heEm{Werl ng,
D. Kunii and O Leverispiel, Robert E. Krieger Publishing Co. NY,

expressly i rnscajsolatadeon ey @{erghbwamefcértéﬁ@etygenate feed, and any hydrocarbon

which may be present, and the molecular sieve contained in the catalyst.
In one embodiment of this invention, the reaction conditions for making
olefins from an oxygenate feedstock in the reaction zone comprise a WHSV of at
20 least about 20 hr! and a Temperature Corrected Normalized Methane Selectivity
(TCNMYS) of less than about 0.016. As used herein, TCNMS is defined as the
Normalized Methane Selectivity (NMS) when the temperature is less than 400°C.
The NMS is defined as the methane product yield divided by the ethylene product

yield wherein each yield is measured on or is converted to a weight % basis.

25 When the temperature is 400 °C or greater, the TCNMS is defined by the
following equation, in which T is the average temperature within the reactor in °C:
| NMS
TCNMS =
1+(((T-400)/400) x 14.84).
30 It is desirable in this invention that oxygenate conversion, referring to the

oxygenate species per se and not including any hydrocarbon co-feed, should be

maintained sufficiently high to avoid the need for commercially unacceptable



Addi tionally, countercurrent free fall reactors may be used in the
conversion process as described in US Pat No. 4,068,136 and "Ri ser
React or " ,wbBlogiodi4zat i on 5 and Fluid-Particle Systens, page®Ca8:891597 A. Zenz
and D. F. G hno, Reinhold Publishing Corp., NY 1960, the detailed
descriptions of which are al so expresz_ldgl i ncorporated herein by reference.
Any standard reactor system can be us 1§ nel udi ng fixed bed, fluid bed or
novi ng bed systens. In such a reactor an oxygenate feedstock can be

contacted 1Rvil i cxyB8Ha@E Bledstoslt RS e, alWisile 86098 o%?@éa% célvelse@sis about 1
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14.84). 30 It is desirable in this invention that oxygenaté conversion,
referring tdeeialatippy rieiateactop apparstug egondigurgtian:n sgacion cdondicmytiomy feed

hycroeeroon kst AT RGO HhY BesThktl Bty @ 1P
15 catalyst; degree of catalyst regeneration; and other parameters which affect the
conversion.
Preferably, the oxygenate feed is contacted with the catalyst when the
oxygenate is in a vapor phase. Alternately, the process may be carried out in a
liquid or a mixed vapor/liquid phase. When the process is carried out in a liquid
20 phase or a mixed vapor/liquid phase, different conversions and selectivities of
feed-to-product may result depending upon the catalyst and reaction conditions.
The process can generally be carried out at a wide range of temperatures.
An effective operating temperature range can be from about 200°C to about
700°C, preferably from about 300°C to about 600°C, more preferably from about
25 350°C to about 550°C. At the lower end of the temperature range, the formation
of the desired olefin products may become markedly slow. At the upper end of
the temperature range, the process may not form an optimum amount of product.
In a preferred embodiment of the continuous operation, only a portion of
the catalyst is removed from the reactor and sent to the regenerator to remove
30 coke deposits, which may have accumulated during the catalytic reaction. In the
regenerator, the catalyst is contacted with a regeneration medium containing

oxygen or other oxidants. Examples of other oxidants include O3, SO;, N,O, NO,



| evel s of oxygenate feedstock recycling. Wile 100% oxygenate conversion is
desired for the purpose of potentially conpletely avoi di ng oxygenate

f eedst ockworogoyat€, a reduction in undesirabl e byproductsPCI/ushyeveed
frequently when the conversion is about 99% or |ess, and increnental
econom c i nprovenents nmay 5 occur when the conversion is about 98% or |ess,
further to about 96%or less, and stit$2further to about 94% or | ess.
Since recycling up to as nuch as about 50% of the feed can be comrercially
accept abl e, BONYREGI, @Ad hakeged theBbAPRYE pREYeddo0 S@Eﬁl‘j}'t()zgﬁl(yﬂlélfﬁ’nggﬁhﬁ.ed'
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f eed; anount ' 5:fat al ; [ ee catal T neration;
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selectivities o feeg-to-_product y result agepen I ng upon e (;rzglteal yst
and r@8ct i onregenedited orfglyst Fhbepratumsd te e wecier firl further waract edthaed.at a

wi de range of t.enperatur.es. An effective, operati t erature range can be
from abogt 2 mc%e%@fmnmratﬁ’feé%er ’é‘ﬂpfl%fntgﬁrﬂf gg%ﬂggp@@@lﬁﬁhﬁb@fi 600G,
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tenperature range, the formation esire

mar kedl y sl oof 458t700R€. upper end of the tenperature range, the process may
not form an optimum anpunt of product. In a preferred enbodi nent of the
conti nuous oper atht &ndesBably te stiprat lesst someqfdhe uelatilpprganic eampsnents thasm t he
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catal yst is toomteinpabe vageherator.e Fhisamatbieciocormplishad 6 phassiny AstrippxgPas or
other oxi danc'g\/se.r tlllzex&%lysﬁsm %f s’u%phe(ra I’or %{p%?n%t C alm%(e:nl',uw eicl(l)gan l:?go’categl vs’/ithl}lno’
the reactor or in a separate vessel. The stripping gas can be any substantially inert
medium that is commonly used. Examples of stripping gas are steam, nitrogen,
20 helium, argon, methane, CO,, CO, flue gas, and hydrogen.

It may be desirable to cool at least a portion of the regenerated catalyst to a
lower temperature before it is sent back to the reactor. A heat exchanger located
externally to the regenerator may be used to remove some heat from the catalyst
after it has been withdrawn from the regenerator. When the regenerated catalyst is

25 cooled, it is desirable to cool it to a temperature that is from about 200°C higher to
about 200°C lower than the temperature of the catalyst withdrawn from the
reactor. More desirably, it is cooled to a temperature ranging from about 10 to
about 200°C lower than the temperature of the catalyst withdrawn from the
reactor. This cooled catalyst then may be returned to either some portion of the

30 reactor, the regenerator, or both. When the regenerated catalyst from the

regenerator is returned to the reactor, it may be returned to the reactor’s catalyst



WO 03/ 004444 PCT/ US02/ 15967 -22 NO2, N205, and mi xtures thereof. It is
preferred to supply 02 in the formof air. The air can be diluted with
ni t rogen,wO®3/004an4 f | ue gas, and steam may be added. Desi rabluso2/13967 02
concentration in the regenerator is reduced to a controlled level to

m nim ze overheating or the creation of hot spots in the spent or
deactivated 5 catal yst. The deactivatedXkatal yst al so may be regener at ed
reductively with H2, CO, m xtures thereof, or other suitable reducing

agent s. A CoBRnakingnont. hOKtR Xhe! SARNARAHIAOARTLSUHELS R LeRaneT at i on

can al so be enployed. In essence, at least a part of the co eposits are
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Preferably, regeneration is carried out at a tenperature Tange
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catal yst then may be returned to either some portion of the 30 reactor, the

r egener at or ,diicuBoth . digirenishh betwaganeirhorageoust sbyestalyist ornnuposition and

carbonaceous coke. Therefore, it is desirable to maintain the catalyst within the
reactor at an average carbonaceous content of from about 2 wt.% to about 30 wt.
%, more preferably from about 2 wt.% to about 20 wt.%. In order to maintain this

20 average level of carbonaceous material on catalyst, it may be necessary to
regenerate a portion of the catalyst. The portion of coked catalyst to be
regenerated is preferably regenerated under conditions effective to obtain a
regenerated catalyst having a coke content of less than 2 wt.%, preferably less
than 1.5 wt.%, and most preferably less than 1.0 wt.%.

25 At any given instant in time, some of the catalyst in the reactor apparatus
may be fresh, some regenerated, and some coked or partially coked as a result of
having not yet been regenerated. Therefore, various portions of the catalyst in the
reactor apparatus may have been feedstock exposed for different periods of time.
Since the rate at which oxygenate feedstock and catalyst flows to the reactor

30 apparatus can vary, the amount of feed to which various portions of the catalyst
have been exposed can also vary. To account for this variation, the “average

catalyst feedstock exposure index (ACFE index)” is used to quantitatively define



regenerator is returned to the reactor, it may be returned to the reactor's
catal yst WO 03/ 004444 PCT/ US02/ 15967 -23 di sengagi ng zone, the reaction
zone, andworo3b44 nl et zone. Introducing the cool ed cat alPgItusoniz61 he
reactor or regenerator serves to reduce the average tenperature in the
reactor or regenerator. In one enbodi nent, the reactor and regenerator are
configured such that 5 the feed contaci¥s the regenerated catal yst before
it is returned to the reactor. In an alternative enbodi nent, the reactor

and regener ahelexRhftoCRich It §Firs WeMlysNR tht Rictdr 8B HaraREthAs beent &I &GeENer at ed
catalyst after it is returned to the reactor. In yet another enbodi nent,

the feed strexeseshn be split such that feed contacts regenerated catal yst

before it is retugned the r tor and after it.has been turned to
the reactor. It i Sﬁlfseec# g‘?rfléld ‘%‘ﬁ’}f 113({% 133?%[‘%}%Wﬁg{lﬂpﬁof)ﬁe@nﬁgé‘g‘f{ffmﬁas an
aver age | eveplu@bptibal @gddtador Geedaent WSthe Fodctdri pa@bdsefilidve bl ke fRA1eCti Vity
to ethyl ene and/ or propyl ene. Preferabl@l)‘//n,3 the co-catal yst material wll
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di stingui sh fheisvednoweathronamegddasd-tinad. alTis imcaourp@shtt hatldabimadabg@naceous
coke. Therefore, . it is desirable to nmaintain the catalyst within the
reactor at o1 S tiggipishab ead dheclyne arervakshppldrhedprgienapghio smeethabout 30
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mai ntain this 20 average onaceous mmterial on ca yst, it may
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catalyst to be  regenerated js. preferably regenerated under conditions
effective tod™ W‘ﬁﬁ%c tn}u@ﬁ%nfé]rtag&%?ec?ﬁtreﬁcktsy SRF MGIPCEORIS IEFHERHPLD | ess

than 2 wt. %hir@hesplion BSEs ub BdBayh-o? 10Mge?? IndRE 4R ric ss than
1.0 wt.% 25 At an@I%gi ven ing%lgnt iyrjsi tidr/rﬁég? S(r)lma gf thé cg)%gfs?}%%y\lﬂhﬁt he

react or appafhstastiallyepnientiregaplarationminuteyenboers etiy termiffsuen. coked or
parts al1 eoked o Byt Skl DFbARRShELE!of SO IELALSE, AR oL
feedst®dck expopadly ohydicthidoe fedpeitha@dspahtely fEmixed WEE thdexygahfe dat Whi ch
oxygenate f ec%%%c‘?e%ﬁvi?hng cege?lgfgtl c)clns‘l%aigi;g XVSSAtP% ;[ngleecalg? s(,:ife\(/)g at process conditions
effective to produce olefins in a reactor apparatus where the catalyst has an ACFE
index of at least about 1.0, preferably at least about 1.5, more preferably at least
about 2.0. An ACFE index in the range of about 1.0 to about 20 is effective, with
20 arange of about 1.5 to about 15 being desirable. A range of about 2.0 to about 12
is particularly preferred. _
A preferred embodiment of the reaction system of this invention is shown
in Fig. 2, with the reaction being carried out in a fluidized bed reactor 10.
Oxygenate feed is introduced into the system through a heat exchanger 11. The
25 heat exchanger 11 exchanges heat between catalyst exiting the reactor 10 along
lines 14 and 17 and the feed entering the reactor along lines 18 and 16. This
exchange acts to cool the catalyst to inhibit coke formation, as well as to heat the
feed.
After the feed is heated, it comes into actual contact with the catalyst at the
30 junction of lines 18 and 16. Upon contact, the feed is converted into product.

This conversion is continued as the mix of catalyst and feed enters into reactor 10,

and is finally quenched through separation of catalyst from any unreacted feed.



30 apparatus can vary, the amount of feed to which various portions of the
catal yst have been exposed can also vary. To account for this variation,

t he "averwgas/oeasal yst feedstock exposure index (ACFE i ndexX/usoz1i9sed to
guantitatively define WO 03/004444 PCT/ US02/ 15967 -24 the extent to which
the entire catalyst in the reactor apparatus has been feedstock exposed.
As used herein, ACFE index is the totaPSweight of oxygenate feedstock plus
optional hydrocarbon feed sent to the reactor apparatus divided by the

total 5 weipght ifofl he 9848 RRDELBENRRFEBA RAPITALES HleRd isHi BNRNLY & smaeE! udi ng
bi nder, inerts, etc., of the catal yst conposifion) sent to the reaction
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i nt erval sh%{] B@atlag'ﬁgﬁgﬂroﬁﬁﬁlpll% eglr}’i%ehan%gﬁ?p*lfrbec?aﬁla OFB ISR At %t yst or
f eedst ock r @asa@vadaticogtihe tb fent @ke! WhichRdAaat tosleddivardns egapar ati on
process step selected to allow the systemto be viewed as essentially

contirfuous. | n tHaycayeacid feedendier pipsiuehiormed is proeraiesl Bomet§e satelttst ons,
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systens with ntrallTy Const ion; mnutes or hours may be
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and 15 optignally a hydrocarbon feed,. either separat?l y or. mixed with the
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at process ¢ I L IV et i par at us
there the cdt oty B accBr e TR g EHER L boel I Rploge Hopae T ot ot
| eastl(about lihe 33. nBhee calybepatergblntflovsakiwnvedrd fton? séhardor ACREBrmimgex i n t he

f about 1.0, t 20 i fective, with 20.a. f .about 1.5
o Sbout 15 ben oG Bt o THA crGh o fen SVl Gubreifddaed et
particul arl y,QeefiRiches -thﬁ_h@éteéﬁhﬁ%ér %q?%a{l%m% of of BRrik@astthORam)yst em of

this invention is shown n Fig. e reaction being carri‘ed out in
a fluidi zedrégedenatstdbor 10. Oxygenate feed is introduced into the system

01 ouh 8 neat exshRnRSks e ThG TR AR R RS e 1 ceo
entering t heokeaghatiodiongettheles klpadoddr. Tiics sigifidiangekeafisatien cool the
catalyst to inhibit coke formation, as well as to heat the
will deactivate the catalyst, a portion of the catalyst is sent to a regenerator 15,
where oxidation of the coke takes place. Conventional regeneration means can be
used. Once oxidation is effectively complete, the regenerated catalyst is returned
to the reactor 10 along line 16.
20 Another embodiment of the reaction system of this invention is shown in
Fig. 3, with the reaction being carried out in a riser reactor system 20. In this
embodiment, oxygenate feed is used to cool non-regenerated catalyst to inhibit
coke formation. The cooled catalyst is mixed with regenerated catalyst and is
input to an external riser section 22 of the riser reactor system. An inert gas
25 and/or steam may be used to dilute the oxygenate, lift the catalyst stream, and
keep pressure instrument lines clear of catalyst. This inert gas and/or steam mixes
with the feed and catalyst in the riser section. Effluent from the external riser
section 22, containing products, catalyst, diluents, and preferably unconverted
feed, is sent through a line 23 to a separate disengaging zone 24. In the

30 disengaging zone 24, catalyst is separated from the gaseous materials by

conventional means, such as gravity settling, filters, and/or cyclone separators.



feed. After the feed is heated, it cones into actual contact with the
catalyst at the 30 junction of lines 18 and 16. Upon contact, the feed is
convert edworBoofroduct. This conversion is continued as toa/usox13967

catal yst and feed enters into reactor 10, and is finally quenched through
separation of catalyst fromany unreacted feed. WO 03/004444 PCT/ US02/ 15967
-25 Even if all the feed has been convéfted to product, there is a tendency
for smaller product nolecules to continue reaction as long as the

nol ecul es are in k@t of metcatalﬁelmhakﬁbﬁi disEipag By aiont 24 t6taighge and

propyl ene can formoligoners, and the reaction can continue to forn1coke
which will aonetdy, d@b@rmmreoméh@am&rtygas is5inggpjedu ot ashivw) fle engeeired/ or

product 1o Tty SABKRATTS AT SaRLe SRl gR B L o 0

separ at ors aegenefR5cIy ﬂﬁlouglhta lifie 29. efnﬁe %Bﬂafyst fofhe dégeneatir 23 1§@5@tacte@hl biting
anount _ of oxygﬁnate remain in contact with the catalyst until separation

i s ef fecti veVijh aegsheptiemmgdiume preseipbly asisp sPMPTIYAS ORYgs8uct is renoved

through 10 e Lihe [T SALPLASI AL LRI LI OMBofavMIBLS, LiATspar 2t o

12, form ng a dens he Cca n°r enove hr ough
i ne 14 and ®@ntihes the pesion ptdeessu dhetrbgenaemdd @Xﬂ?ﬂmg@be lited o thd digee 17 or
carried to the ca%}gl yst regenerator 15. Under conditigns where reactor 10
i s operat ed ¥61ThRY BianE Gk &0 M HERS: GiPam. P oxBRBateoYARaE (¥ sheWhky dbe hel ess

likel'y to 0GRYEess %heﬁg gai ﬁge‘ﬁam aCOKRinhOITBE 1sOmi-cht Auogsegﬁ:a&%g;at qrt he

catal yst, a ‘portion o e catalyst is sent to a regenerat Wher e
oxi dal® on ofdesined, dhkeempéremrq)iraﬂ& re@emaatnt 28nah beegeried yimoydiegnthe can be
used. Once oxidatiopn i ffectlvel e the regenerated catalyst is
returned td'gﬂ?“¥%£%¥%¥§fﬁbgﬁ%ﬁﬁm % ggo Anot her enbodi ment of the

reaction system af, bfaks td MNARL P ol %n§ mamyslt rlossFaﬁm%hevwégenérla@oﬂ gaction
belng carried out in a riser reactor systen1 In nmbo |nent

oxygenate f efé@lctiog freesss.t Gedoedtalygreapelre nddedt ebrefantdy.yde freshiatalpsttis coke
formation. ((i\’ % th% ger%%gér% e& Ela y%t %?d %rﬁgvegi?g) ﬁ}egrég«%gfa osry%\i/d'S the and s

|nput to an ex er na ser secC An i nert
gas 255 and/ djotls aeasddsato hke blé%l@l(dvr.t Holvdvet, ahé iesioxmalsiaém, bd hddedttbaheat al yst

stream and reactor independently of the regenerated catalyst.

Product that is initially removed from the disengaging zone is desirably
high in prime olefin (i.e. ethylene and propylene) content. In an appropriately
operating system, ethylene and propylene can be separated by conventional

20 fractionation processes, preferably using a single fractionation tower, and
recovered each is recovered for further processing. Preferably, the product from
the disengaging zone will contain greater than 70 wt.% ethylene and propylene,
more preferably at least 75 wt.%, and most preferably at least 80 wt.%. It is also
preferred that ethylene and propylene be present at an ethylene to propylene

25 weight ratio of at least 0.8:1, preferably 1.0:1, and most preferably at least 1.5:1.

In another preferred embodiment, the product that is initially removed
from the disengaging zone is desirably low in paraffin components.. Preferably,
paraffin content is sufficiently low such that separation of olefins and paraffins of
the same carbon number are not necessary. This will greatly reduce the capital

30 cost as well as the cost of operation. For example, once ethylene and propylene

have been separated from the initial product by conventional means into ethylene

and propylene fractions, there is no need to further purify either the ethylene or



keep pressure instrunent lines clear of catalyst. This inert gas and/or
steammxes wth the feed and catalyst in the riser section. Effluent from
t he exterwealosnigesr section 22, containing products, catalPgstusodiioeents,
and preferably unconverted feed, is sent through a line 23 to a separate

di sengagi ng zone 24. In the 30 di sengagjgng zone 24, catalyst is separated
fromthe gaseous materials by conventi‘dnal neans, such as gravity
settling, filters, and/or cyclone separators. WO 03/004444 PCT/ US02/ 15967
-26 A porti opropylend &actaanabfy paraffm senientf r'bins diveids gaimignglditomel patadioa
stripping zone 27, where steamor. qther.inert gas is injected (not shown)
to recover HHUIPHYFUG cﬁso‘if’é‘%@ al aﬁﬂﬁmﬂ%‘ By {8 SREIRGIRaEsy) d4Pyst s

then sent t Opethovk Qﬁl@@ﬁfa@leogua%ﬁtiéé‘ bP YN fHdnD€he? BthylERE FRLBh %3 'ép{éé}%g% he

regenerator 28 is contacted 5 with a regeneration nmedium pr ly a gas
conpri si ng oftgméhe propplene fectimat Bwh drchdnssiantiensigrtent direcly to ndditiosadct i on 22
through a line .30 to. continue the.reaction process. The .regenerated

cat al ygt can “BEYY FEEG 9 q}eﬁere?‘?[glgr ﬁles Stglﬂeg?‘l By PIoREINES Jpioy ‘I gas,
steam or oxygenas. e IvRngefe(reatthah@wrihylcheeracibl GESHcIS bRtk Eppaat dtself in
a continuous or sem -continuous manner. |If 10 desired, the terperature in

t he regener aeeit Pgviinetbrlene drefgrably pteleg® 190nyt. Yonanost prgderablatasdeashifal yst
t hrough a C%@J/&/ St é{zﬁ% ﬁfefé%tjed tilglt 1RE gﬁ%iy}e%e %léﬁ?rfgfs %]u% é’?@ e)s/s(sz ?(;[r% LRty | oss

during the regeneration-or  Teactio ocess, °f added.

Preferably, leie 86rvash prapydénes prafarablad éshst 90 1o, rege pesfatbly faéat yst after
it is renmoved fromthe regenerator, and then 15 both are added to the
react &Y. HovO@Eré‘r, the fresh catal yst can be added to the reactor

| ndependent |y of oieskigPHeme LAy HAHE Yobecifi %Vﬁegﬂ%\s %%dﬁd%ht%#ﬂ (e

removed fromthe di sengagi ng zone IS Ira rnme o
et hyl ene andoxygemyd-enmeleficonomrtsion nreacticmpfoid giredeyit @peithhi rgn SPst em

et hyl ene and_ propyl ene can be separat ed conventj onal .20 fractionation
processes, p?&@g%ﬁytougof‘ﬁgp‘gy%ﬁeﬁ@’ epaftt‘cé’%}yoﬁglﬁ'iﬂg‘ﬁfefl%\%ii ,PolypropyleRsover ed
each is recomgt@es RF Himind Yol GERSEA DletRl e kAIY in tRE aR C@%&lgtiérom t he
di sengagl ng zone wll contain'greater than 70 wt. % et hyl ene an ropyl ene,

nore PP ef er alypsessas arepreferryl. \Rartigularhopiefested preemetaibtepe aZickeaditt8andt . % |t
s 8l 80 PSRl Ll hOR SR PR RILORS e ! S388hs 80 2B, SV ene to
3,364,190; 5,892,079; 4,659,685; 4,076,698; 3,645,992; 4,302,565; and 4,243,691,
the catalyst and process descriptions of each being expressly incorporated herein
by reference. In general, these methods involve contacting the olefin product with
20 a polyolefin-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 +In addition to polyolefins, numerous other olefin derivatives may be
formed from the olefins recovered therefrom. These include, but are not limited

to, aldehydes, alcohols, a’cetic acid, linear alpha olefins, vinyl acetate, ethylene



25 weight ratio of at least 0.8:1, preferably 1.0:1, and nost preferably at
least 1.5:1. 1In another preferred enbodi nent, the product that is

initiall ywoesbuges fromthe di sengagi ng zone i s desirablyPcowsomyar af fin
conponents.. Preferably, paraffin content is sufficiently |ow such that
separation of olefins and paraffins of the sanme carbon nunber are not
necessary. This will greatly reduce the8capital 30 cost as well as the cost
of operation. For exanple, once ethylene and propyl ene have been separated
from the inidicRbrids Q88 Giny?YchERHEE BinlyBRALenBE 8RS 1chS tkiR RUhRRE is@gphr OPY! ene
fractions, there is no néed to further purify either fhe etRyl ene or WD
03/ 004444 PCGituBbXc1Eei87allyl 2Flopidemyrbryiend oxidg, iaoryliofacidactofyfdna-poamyleet . Thi s

avoi ds usin ditional separation,.egquipnent suc onvent i onal
distillati ogmﬁg%lrﬁ’s a?(g .afjr.y,?mgﬁﬁ%r ?I}%agfrfl%ﬁa‘%gr g}m?rﬁ OrlDr %ﬁ%@ge’u%)&gpﬁbqre
quanti ties obutglehésn erHermethbdreorehinRneidor Bedel RAVATvR LAPREE knbWR M thae
propyl ene fraction. Such fractions can then be sent directly to additional

5 reacfi on uit-1a8d therefpig angaiot diseussedhlepreine et hyl ene or propyl ene into

derivative produgt.s. ] [ et hyl ene fractdon of such
process conpri seuglﬁ1§ l?"(lfae%g?ﬁ gﬁﬁ\%e.etg%ttgg H@&%%\tg%)@%?g]f %#ar I?Cf E t%(f% gg\@?m% w . %
nmost pr ef er addaynplds, WhithtarOmtended 06 illuttrdts spcile dnitefdeners withad the bee@nopy! ene
fraction of such 1process .conprise at |east 85 wt.% propyl ene, preferably
at | east 90 $PPopl thp&iveptien eydeimpdat | east 95 10 wt.% One skilled in the
art will also appreciate that the ol efins produced by the

oxygenat e- t oGelRdl FkpERMEREEPRRed#aCt 1 On of the present invention can be

pol ymeri zed .. particularly polyethyl ene and

pol yprgpy! eneata1vEr RGR3sasador form ng polyolefins fromol efins are known in
the art. Catzrl—yixrc—rﬁ?’}%r—ovesses are preferred. Particularly preferred are
met al | ocene, Zi egller tofatersaorant metbarsh] oedsabsetli as s yat¢amnsof Saermihing thxanpl e,

U S. Patent Ngs. 3,258, 455: 3 305,538 . 3, 364, 190: 5, 892, 079: 4,659, 685
4,076, 698: ?!%X%Y 2?*‘%%11?%012 §§5Pfe§"ﬁ’&e 4‘35%“%%9&41 %Xdﬁ%cag%ﬂné’l 3?‘2933%}%?&3& ocess

descri pti onsreffre8a6 s P8HIAY. EXREARRS |s¥m¥)li@g&739@@l3ﬂdw£teﬁl%idade(p%itﬁ%f.ﬁ%énce- I'n

general, these nethods involve contac g the olefin product with 20 a

pol yol ef i n- feokaitp ginaaigl ayeambinatipnpeagal ytirceke pempesiteeCAIQ)r eThef dotivity wé to form
J;rgteal g nggetfr:lias{%aa%g)gsg w:é%.ﬁ%tén&rnggi S}rf %Fag:in%ollOY% nelfgio?jtﬁeoégbr}g 2’ }n%{ Xlsa;[ne.é a
stainless steel reactor. The CCC was diluted with 68.5 mg of inert SiC to
facilitate flow and to reduce the effect of the exothermic release of heat on the
reactor conditions. Methanol vapor was generated by vaporizing liquid methanol
fed to the reactor at a rate of 43.7 ml/min. The outlet pressure of the reactor was
20 maintained at 25 psig (273 kPa) and the temperature was varied by means of an
electric furnace surrounding the reactor tube. The reference temperature was
450°C. Gas phase products were collected from the effluent stream in a series of
sample collection loops. The samples thus collected were successively injected

into an HP 6890 gas chromatograph equipped with a Flame Ionization Detector.

25 Methanol conversion was calculated on a water free basis as:

X (conv) = wt (MeOH+DME) (1)
wt MeOH + wt DME + wt HC

where, MeOH is methanol; DME is dimethyl ether (considered to be

equivalent to unreacted methanol).
30 HC = hydrocarbons; gas phase products of the reactions, comprising

ethylene, propylene, other olefins and aliphatics.



preferred tenperature range of operation is between 50 and 240C and the
reaction can be carried out at |ow, nediumor high pressure, being anywhere
25 wi t hi rwohea/ooamge of about 1 to 200 bars. For processesPCRUSOEGIOUL in
solution, an inert diluent can be used, and the preferred operating
pressure range is between 10 and 150 bgrs, with a preferred tenperature
range of between 120 and 230C. For gas phase processes, it is preferred
that the tenperature generally be within a range of 60 to 160C, and that
the operating predsiseedbe fiysh qudenraie spestaD W ealcdaed frameldbe cdeulated

ol yol efi ns, r..olefin derivatives may be fornmed fromthe

gl e1¥i ns recoc\?gggg{(@%z(}eﬁ F@r’?’?’ These i ncl ude, but a%/e not limted to,

al dehydes, al cohdKss Indted) FoVESVAx (3600&8/Mral pha ol ef i@y, vinyl acetate,

et hyl ene WO 03/004444 PCT/ USQ2/ 15967 -28 dichl orijde and vinyl chloride,

et hyl benzene, et Wh@EaeKsxpsgrdo vlserier rate epnstpisec al cohol , acrol ein, allyl
chlorige, propyl epe X H8&0n A y(g} c acid, ethylene-propylene rubbers, and
acrylonitrile, and trimers and ‘di mers of et hyl ene, propyl ene or butylenes.
The met hods of nmaWlSAE turdigig hbtwdy epade velvaity wes avieOWefketd/kn@yams)n the 5
art, and therefore, are not discussed herein. Tdmkgﬁygtny@a&tbp@rg@hg)l be better
understood with reference to the following exanples, which are intended to
i | lustrate specif}/30¥hbeemvsesiasiagior f hourk@seseral |  scope of the invention
as cl aimed. CGenergl E?ﬂ% i YA l.ndex The
conversi on of net aer}f mégggé%gkng&g%ﬁgeﬁ@t gg%gﬁfggmgﬁlﬁéﬁé hhée é(g%tnlnvi ty of
cat al ¥8t in & heatgr dise Q€K ohs phactdiimelk Hadion @ardesarihed sabose quéichigd toef er r ed
to as "coke". A nmster sanple aqf SAPO 34 was fpr,el aded with 8.24% coke to
sinul ate a CEWOPHEIINSHIMSE Lt yarousdiaes, gMigsiiq tinged dhegatalystithe of 15
this cataly 1 b i 0 i nm

di anet er s'?rg?érﬁ‘gggtgﬁ 2%: &?)gegcg(rogéa@#fhg@%oég%t@%ﬁol %Stdggefv(\)nt tlég.cg tﬁa of

i nert Si C toatdlgstnttitinpt e f1 ow and to reduce the effect of the exothermc
rel ease of heat on the reactor conditions. Methanol vapor was generated by

vapori zi ng I'quidtmet anol. fed to the reactor at a rate of 43.7 ml/mn.
The outl et &%M&M—VG XM reactor was 20 maintained at 25 psig (273 kPa)
and t T? tenperat ufO%é"?%Sg o\f%erﬂlcﬁgd %IC({{E aes‘%%sc?{beg rellbove, was mixed with 68.15 mg

of SiC and placed in a 4 mm i.d. reactor. Vaporized methanol was passed through
the catalyst bed at 43.7 ml/min. The WHSV was calculated to be 200 hr'. The

reactor was maintained at 450°C and the pressure was maintained at 25 psig (273
kPa). Three samples were taken and analyzed via gas chromatograph (GC) and

20 the 1st order rate constants were calculated. The results are shown in Table 1.

Example 1

The procedure in the Comparative Example was repeated. However, the
CCC was heated at 450°C for 3 hrs. The activity results are listed in Table 1 as
Example 1.

25 Examples 2,3.,4,5,6

The Comparative Example was repeated, except that the CCC was held as

follows:
450°C - for 6 hours  (Example 2)
550°C - for 0.5 hrs  (Example 3)



el ectric furnace surrounding the reactor tube. The reference tenperature
was 450C. Gas phase products were collected fromthe effluent streamin a
seri es ofwoganpises col | ection | oops. The sanpl es thus col | @crasoneiver
successively injected into an HP 6890 gas chromat ograph equi pped with a

Fl ame | oni zation Detector. 25 Methanol_conversion was cal cul ated on a
water free basis as: X (cony) = w (I\/E'd-Q+‘DIVE) (1)) w MOH+ w DMVE + w HC
where, MeOH is nethanol; DVE is dinmethyl ether (considered to be

equi val ent to unreacted metksoeel-)or 30 HEC = M@;@@r bons; gas phase products
of the reactions, conprising ethylene, propyl ene,” ot her ol efins and

al i phatics. WO 03/ 004444 PQIIISOZPAGSbTs (Eﬁsﬁmpkj:)seudo - first order rate
constant was cal cul ated from tohe caI c | ated conversion extent (1) by: K
=1n (1-x) * WHSV x (3600sec?Mr} ~(foy3.0 reE%amP}?s@udo - 1st order rate
constant, sec 5 x i0 (1) WHSV = wei ght hourly space

vel ocity = MeCH f%esélﬁﬁg%q{&égﬁg)fagfgét alyst in reactor (grams) 1/3600 =
conver §i on fHRabled: diffévd uf Thermalcsging oaXfeivityent s requi ri ng neasur ement of
the effect of placing the CCCin 10 a heater, the CCC was placed in the

reactor as descri _bepl ab%\%gpﬁaﬁg%gﬁﬁe tQvin %arl ousrlh]%mﬁglreat ur €5, JsRh arious
(0]

tinmes. After sufficient g actor was eijther
cool ed or hpated as app riate, to 4503C-for testing [)f the catalyst
activity. Cogpapadtiwe EﬂSx(DrpI e 15 10. 36 (ngagihgral ci ned13XC, as descri bed
above, was EXEd Wllth 6%@ of SiC a(ﬂd pl aced in z 4 mmi.d. reactor.
Vapori zed m sed t hr ough 3t%he catal yst b Wat 43.7 m/fin. The
VHSV was cal|Essngiled to h@o 200 hr . The60eactor was ne4qntai ned at 4%0C and

t he pressurg—was—Hatntatned—at—25—psig(2+3—kPa)—TFhreesanples—were taken
and anal yzeExaplgds chPefirat ogr aph (GC)O 2and 101

Example 4 550 3.0 58

Example 5 650 0.5 39

Example 6 650 3.0 40

? Based on clean, dry SAPO-34 sieve at 450°C, 25 psig MeOH.

Table 1 shows, inter alia, that a loss of 11% was observed at 550°C at an

exposure time of 30 minutes and 49% at three hours cumulative exposure time.
10 From the results listed in Table 1 it was found that the loss in activity, as
represented pseudo first-order rate constant, could be estimated by the following

formula:

kp= Koexp( If}j 3)

where K, is the pre-exponential factor ; E, is the Arrhenius activation
15 energy for the deactivation process; R is the universal gas constant; and T is the
average reaction temperature in °K. The estimates were then used to calculate the
relative rate constant at various combinations of time and temperature. The
calculated relative rate constant values are shown in Table 2.
This relative rate constant is defined as:
20 Rd/Rate Constant = KD/Kref X 100% @

Where Kref is the reference rate constant under there conditions of the

comparative, 113 sec.



20 the 1st order rate constants were cal cul ated. The results are shown in
Table 1. Exanple 1 The procedure in the Conparative Exanple was repeated.
However, wba3/0Qd@ was heated at 450C for 3 hrs. The acti viPCY/USeZH9T ar e
listed in Table 1 as Exanple 1. 25 Exanples 2,3,4,5,6 The Conparative
Exanpl e was repeated, except that the CﬁC was held as follows: 450C - for
6 hours (Exanple 2) 550C - for 0.5 hrs (Exanple 3) WO 03/ 004444

PCT/ US02/ 15967 -30 550C - for 3.0 hrs (Exanple 4) 650C - for 0.5 hrs
(Exanpl e 5) GSOOEquaﬁon @) @vdsr@ed&xmﬁiﬂu@t@b exiRed| tebative eratel sdmsthnisnatTabl e 1.

5 Table 1: Effec .o on Acti vi g ature. Aging Tine
Ratz1 anstanﬁeé(grai fla{mffg ur%c}Hjﬁ%ﬁ/ %‘%%gaeﬁ t}é?grgﬁ‘;sl?l BsEnpl e 1
450 3.0 110 cd@f@lﬁﬁicﬁs%rélﬁ%vﬁlﬂl?éble@(amls%b%mlég%gné skittd 154@6'31’@&% 550 3.0
58 Exanple 5 650 40 a Based on cl ean

SAPO- 34 si ev@h@tconﬁuﬁtlozscwﬂdg})m@ﬂcumlé 1 shows, inter alia, that a | oss
0
of 11%was fi“le\ée(h lmaStSQEg%f @Tﬁwﬁiﬁjﬁ%hﬁgﬁ of 30 m nutes and 49% at

three Rours cUmilatryve exp gﬂsults listed in Table 1

e, e b*gé@é?:%gg;%‘mea:m TR Ty i > -or o
425 97
425 6.0 94
450 (no aging) 100
450 3.0 94
450 6.0 88
475 3.0 38
475 6.0 78
500 3.0 79
500 6.0 - 63
525 3.0 66
525 6.0 44

? Parameters for Eq. 2: In Kp=11.926 and E,= 119 kJ/mol
® Rate constant as percentage of non-aged rate constant (i.e. 4p= 100)
Other relative rate constants can be calculated by equation (3).
Table 2 shows that an activity loss of 21% can be expected with aging at
10 - 500°C for 3 hours and up to 37% loss can be expected at 6 hours. Reducing the
temperature of the catalyst return stream to 475°C would reduce these activity
losses at the same exposure times to 12% and 22%, respectively.
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
15 parameters within what is claimed, without departing from the spirit and scope of

the invention.



kD=Koexp RT) (3) where Ko is the pre-exponential factor ; Ea is the
Arrhenius activation 15 energy for the deactivation process; Ris the

uni ver salwgas/ioeamst ant; and T is the average reaction tempgrsori®ei n K
The estinmates were then used to calculate the relative rate constant at
various conbinations of tine and tenperature. The calculated relative rate
constant val ues are shown in Table 2. T¥s relative rate constant is
defined as: 20 Rd/Rate Constant = KD/ Kref X 100% (4) Were Kref is the
reference ravwhfeoehanéd ignder there conditions of the conparative, 113 sec
1. WO 03/004444 PCT7TUS02/ 15967 -31 Equation (4) was used to cal cul ated
expected relative rate constants at several internedi ate exposure

ti mes/t enper &t ur e4 Bedod 9d ipkibiting catplyst gake formetion i theomenufpesurchefim i n
Table 2. It in the art that other conbinations
could all beb%g1 %ﬁﬁﬁ%ég@aqab?&h@ﬁ%%tl mat ed Effect of Thermal Aging on
Activitya Ag| ng Tecmmnmgureaﬂgl n@xYgemtdRainadinivg RatfeedGoost anthth [Cla [ hr. ]
[99 425 3. ?7 425 6 }?4 450 oaln?1004503094 450 6.0 88 475
570 885 475 Bhepahgningphospheic piplcusy s cRIySERTINGrGS reastes (ERpTAT o
Paraneters f gf.d5de tformh&Blefindbndh = 119 kJ/nol b Rate constant as
per cent age of eF1oneage§llnr atgeclgns'?an n%?l%dEQAO 100)

separating the olefin-containing product from the catalyst;

cooling at least a portion of the separated catalyst below the average
reactor temperature; and
10 contacting the cooled portion of the catalyst with additional oxygenate-
containing feedstock at a gas superficial velocity of at least 1.0 meters per second,
wherein the cooled portion of the catalyst has not been regenerated prior to |

contact with the additional oxygenate-containing feedstock.

15 2. The method of claim 1, wherein the average reactor temperature is from

about 350°C to about 550°C.

3. The method of claim 1, wherein the cooled portion of the catalyst is at a
temperature of from about 300°C to about 525°C, and is lower than the average

20 reactor temperature.

4, The method of claim 2, wherein the cooled portion of the catalyst is at

least 10°C lower than the average reactor temperature.

25 5. The method of claim 4, wherein the cooled portion of the catalyst is at

least 20°C lower than the average reactor temperature.

6. The method of claim 5, wherein the cooled portion of the catalyst is at

least 30°C lower than the average reactor temperature.
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O her relative rate constants can be cal cul ated by equation (3). Table 2
shows that an activity |loss of 21% can be expected with aging at 10 500C
for 3 houwe canasuwp to 37% 1| oss can be expected at 6 hoursPCRABOL13¥G7 t he
tenperature of the catalyst return streamto 475C woul d reduce these
activity |losses at the sanme exposure tines to 12% and 22% respectively.
Havi ng now fully described this inventidh; it will be appreciated by those
skilled in the art that the invention can be perforned within a w de range

of 15 paran®t er sThé thétRodMdatcldim €] dhoReth aWdriObf dBPREL e Thast e spirit
and scope of the invention. WO 03/004444 PCT/US02/ 15967 -32- at is
clainmed is: Iegepcraiethenl B reeaveriied erialrstialombingd et thermabledpoirtiornt b

; & amebitd wpiesiabysbined et e .
oxygenat o- contar Ak BielsrRokUAY, METds | (SR roPRsedRRb ESR col ar

si eve cat al yfdedstbclan average reactor tenperature effective to formthe
ol efi n-contai ning product; separating the ol efin-containing product from
the catal yst; cooling at |east a portion of the separated catal yst bel ow

the average greactqg rat e mgti ortion of
the catalyst with ad ﬁ?@iﬁg? cg)%%@g}a’ﬁg] eer-%glcgﬁi{%al ni r?gq?éeggsa%%%i%%?gﬁ{ (ffas
superficial wekowatey, ofd tht rbgmstatell Gitaipdt és sopbihed edtintle covlee peitivrt e cool ed

portion of the catalyst r}%s not been regenerated prior to contact with the
addi ti onal oﬂk?g“é’??ib(sé-%@ﬁf o P‘é‘@ﬂ%t"gg}l@ catalyst haspleepeonigatedwigh gem 1,
wherein the BYBHARE ok RRARRIcOLBIREE i s from about 350C to about 550C.
3. The nmethod of claiml1l, wherein the cooled portion of the catalyst is at

a tenPerature of from about 300C to about 525C, and is |ower than the

average 20 peact te r rre.. 4. .The net.hod of claim?2, whereip the
cool eg port i %’n of ?{’%glegg’?ﬁ%lfzaﬂmi ]s%ﬁli"her cemRHsRg collesing theysepataird ‘g?r%ffage
reactor tenpesditing. pré8ud. anihgpaRiting totipofhddl Brftaindh ee2dif thNRcHRP! A

portion of the catalyst' is at
olefin product containing at least 85 wt.% ethylene.

15 10.  The method of claim 9, further comprising converting the product
containing at least 85 wt.% ethylene to polyethylene.

11.  Polyethylene made by the process of claim 10.
20 12. The method of claim 1, further comprising collecting the separated olefin-
containing product and separating compounds contained therein to recover an

olefin product containing at least 85 wt.% propylene.

13. The method of claim 12, further comprising converting the product
25 containing at least 85 wt.% propylene to polypropylene.

14.  Polypropylene made by the process of claim 13.

15 The method of claim 1, wherein the regenerated catalyst has an average

30 coke content of less than 2 wt.%.



| east 20C | ower than the average reactor tenperature. 6. The method of
claimb5, wherein the cooled portion of the catalyst is at |east 30C | ower
t han t he woasaga44 eact or tenperature. 30 WO 03/ 004444 PCTPOSOBOLED67 - 33
7. The nethod of claiml1l, wherein a portion of the separated catalyst is
regenerated, and the regenerated catalyst is conbined with the cool ed
portion of the catalyst prior to cont-aéti ng wth the additional

oxygenat e-containing feedstock. 5 8. The method of claiml, wherein a

portion of the sepa aleBbdCatt @hiMSY drS8, weaeinemhatcethbimfen dTescpaarRIemat ed
catalyst is conbined with the cooled portion of the catalyst after the

cool ed por t i lsgenstatedheatelsstdiay n avraageokn cerfantad bebvesh 2 Yoend 38dvtt%onal
oxygenat e- contai ni ng feedstock. 10 9. The method of claim1, further
conprising collecting the separated ol efi n- containing product and

separ ati ng cpmpounis mahdédiofiedlaih el evhertia fHRC X Edenatl-coflagfihd Peddehekt
containing at |least 85 wt.%ethylene, 15 10. The method of claim9, further
conpri 3i ng cCRMMRSISES Ageasi onp compeund selsatediframn gheagrovip snsisine wf mgthanalil ene t o
pol yet hyl ene . P y ecbyh f % ,m. 10 12. The
ot hod of ol et Pl HERRAERIPCEY Chy ReME HABRD' iy Xl Gl -

cont ai ni ng pethetycdiethpd edlegrarditisopgopyd mathen) dformakithy dee ddintedityd i carbenat@cover an

ol efin produgct containing at | east 85 w.9% propyl ene. 13. The nethod of
claim 12, fLﬁﬁfQ’?g’ryT%%‘HB?;i ?tﬂfgacécgﬁ%} m‘¥W§eSttlﬁeég?fr oduct 25 containing at |east
85 wt. % propyl ene to pol ypropyl ene. 14. Pol ypropyl ene nmade by the process
of claim13. 15 The nethod of claim 1, wherein the regenerated catal yst has
an avéPage BD cokee cmthehof elainedsd whamei thet ofygendea®hGinddg feedstock

PCT/ US02/ 159(9)?11pri_s§s4 methanol or dimethyl ether.

19.  The method of claim 18, wherein the oxygenate-containing feedstock
comprises methanol.
15
20. The method of claim 1, wherein the molecular sieve is a
silicoaluminophosphate molecular sieve 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,
20 SAPO-44, SAPO-47, SAPO-56, metal containing forms thereof, mixtures thereof,
and intergrowths thereof.

21.  The method of claim 20, wherein the silicoaluminophosphate molecular
sieve is SAPO-34 or SAPO-18.

25
22.  The method of claim 21, wherein the silicoaluminophosphate molecular

sieve is SAPO-34.

23.  The method of claim 1, wherein the oxygenate-containing feedstock is
30 contacted with the silicoaluminophosphate catalyst at a temperature ranging from

200°C to 700°C.



16. The method of claim7 or 8, wherein the conbination of separated and
regenerated catal yst has an average coke content of between 2 w.% and 30
wt. % 1AvoDhmo4aet hod of claiml, wherein the oxygenat e- c®OTAISN2/N3Y67
feedstock 5 conprises at | east one conpound sel ected fromthe group

consi sting of nethanol; ethanol; n-propanol; isopropanol; C4 - C20

al cohol's; nethyl ethyl ether; dinethyl-33%ther; diethyl ether; di-isopropyl
et her; formal dehyde; dinethyl carbonate; dinethyl ketone; acetic acid; and

m xtures thepeof . THO ndebhodTbe clabh hQdviRdreis | Be Mxddenat168:B4iRidsMRedstock is
oxygenat e- cont ai ni ng feedstock conprises nethanol or dinethyl ether. 19.

The net hod ofongaciidnvitlg thevgiligoaluminephospiiptretrdalist do atredctirrag afges sleriadial

conpri ses ne of claim1, wherein the nol ecul ar
sieve is a é%iﬁg‘ﬁ&odafl%r?ﬁa%%prﬁ%t}sggsrpg?é&%?'ecuI ar sieve selected fromthe 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, 20
SAPO 44, SAPE-47, Agpgibpdef inhabitipg catalyst erksgiormatinn imibe apanuizatyre of ag

t hereof, ang_ En § e ...21. The met hod of claim20, wherein the
si i coal umi ngsﬁﬁtgg‘%%’t“g’y%%%%?’%é%‘%ve i s SAPO 34 or SAPO 18. 25 22. The
met hod of cl ai m 2dontadtiagei nahhe skygdenagloontantphosplirtisodol ecwithr aieve is
SAPC- 34. 23. . The_ net hod o%a claim 1, wherein the oxygenate-containing

feedst ock i sSihegslummprkasebptgmolecike sisve catelaptAtien SpHASHFFALIT EIPSIPWE at a
tenperature %p(% o 7 9 : PCT/ US02/ 15967 - 35
24. The net h{;) 0 @g?g(?%mlﬁgg%ﬁaﬁlﬁo?%@ %"Wé’gﬁg?g"fkﬁ‘éﬁt ai ning feedstock is
contadfed with thspsaating del defimcphsisiphapi@ivcaframyhé citalys; r eact or at a gas
superficial velocity of at_|east 2 mﬁt ers per second. 5 25. A nethod of

i nhi bi ting cat al ySgetesRBerafigbRqrien phibe separsiedisdielysh e of an

cooling a second portion of the separated catalyst below the average

reactor temperature;
combining the regenerated and cooled catalyst portions; and
15 contacting the combined catalyst portions with additional oxygenate

containing feedstock.

26.  The method of claim 25, wherein the cooled portion of the catalyst is at a
temperature of from 300°C to 525°C, and is lower than the average reactor

20 temperature.

27.  The method of claim 26, wherein the cooled portion of the catalyst is at

least 10°C lower than the average reactor temperature.

25 28.  The method of claim 27, wherein the cooled portion of the catalyst is at

least 20°C lower than the average reactor temperature.

29.  The method of claim 28, wherein the cooled portion of the catalyst is at

least 30°C lower than the average reactor temperature.
30



ol efi n-contai ni ng product, conprising: contacting an oxygenate-contai ni ng
feedstock with a silicoal um nophosphate nol ecul ar sieve catal yst at an

aver age rweooo44tenperature of from 350 to 550C t o form PO&E/US02/15967

ol ef i n-cont ai ni ng product; 10 separating the ol efin-containing product from
the catalyst; regenerating a first po_r§6i on of the separated catalyst;
cooling a second portion of the separated catal yst bel ow t he average
reactor tenperature; conbining the regenerated and cool ed catal yst

portions; and0.15 Thataethodgftdainc @dbifnalercenmapystg poledtimgsthei sepamtkdi t i onal

t i ning.feedstock. 26. Th t h f claim 25 _wh inth
ool e por t1 BRTBOPHE PR yaraseBirent ralfalids Grueinft fIH 40660t 5256

and is lO\Neraﬁbl%ﬂnyf&luaﬁ/&fn@egﬁng%%a@rxs w0, kaRaeat ure. 27. The nethod of
claim 26, wherein the cooled portion of the catalyst is at |east 10C | ower
than the average reactor tenperature. 25 28. The nethod of claim 27,

whereip the ol e ortio f the talyst is at. least 20C,|ower, {han the
aver age reactor tiﬂ%éfl%{[b%re‘& %lmﬁﬁlg ﬁleﬂ%llgrog()%’?n%ﬁn%i(ﬁ? §1,‘tm\‘%/ntehr'ee;p lf?dll%te cool ed
portion of tbetgainglaykhastiss W% digasie 13@6lycthe! han the average reactor
tenperature. 30 WD 03/004444 PCT/ US02/ 15967 -36 30. The nethod of claim
25, further conprising collecting the separated ol efin-containing product

and separati co ! i cover an ol efin product
cont ai ni ng a? L eais}@(}gt@%?g%gghgﬁgr};erg%gé%ﬁ@hgﬁmt hod of claim 30, further
conprising converting the product containing at |east 85 wt.% ethylene to
pol yet hyl ene, 32. Pol yet hyl ene nade by the process of claim31l. 10 33. The
met hodUof cl &#m 2@5@ frn?tfxwﬁro?cﬁﬂlm 5 G| PURRTSRE tcﬁéecé’é‘_ﬁa‘ihﬁt Wgarated
ol ef i n- cont abakiRGoRaRACbroANS AREE::NCEATRAND oGB! BicAGA § REOFLN €O
recover an olefin product containing at |east 85 wt. % propyl ene.

an olefin product containing at least 85 wt.% propylene.

34,  The method of claim 33, further comprising converting the product
15 containing at least 85 wt.% propylene to polypropylene.

35.  Polypropylene made by the process of claim 34.

36.  The method of claim 25, wherein the catalyst separated from the olefin-

20 containing product has an average coke content of at least 2 wt.%.

37.  The method of claim 25, wherein the regenerated catalyst has an average

coke content of less than 2 wt.%.

25 38.  The method of claim 25, wherein the combination of separated and
regenerated catalyst has an average coke content ranging from 2 wt.% to 30

wt.%.

39.  The method of claim 25, wherein the oxygenate-containing feedstock
30 comprises at least one compound selected from the group consisting of methanol;

ethanol; n-propanol; isopropanol; C4 - Cyo alcohols; methyl ethyl ether; dimethyl



34. The nethod of claim 33, further conprising converting the product 15
containing at |east 85 wt. % propyl ene to pol ypropyl ene. 35. Pol ypropyl ene
made by twe opiosess of claim 34. 36. The nmethod of clai m PEI/tsazt®sn t he
catal yst separated fromthe olefin- 20 contai ning product has an average
coke content of at least 2 wt.% 37. The nethod of claim25, wherein the-
regenerated catal yst has an average cokk content of less than 2 wt.% 25
38. The nethod of claim 25, wherein the conbination of separated and
regener ated g@bal ¥sthydaghés @ﬁ%gﬁgﬁylc eter; C BthRdehl 80 9dR8ethy 10 @ othte Yo t 0 30
w.% 39. The nethod of claim25, wherein the oxygenate-containing
feedst ock 3dimalg ketoas; ageti¢ acidtandmeixtiwerpbensdl. sel ect ed from the group
consi sting of rethanol; ethanol; n-propanol; isopropanol; C4 - C20
al cohol s; nethyl ethyl ether; dinethyl W 03/004444 PCT/US02/ 15967 -37
et her; di et hyd. et B¢ ;method SOPIIginY 39etierein fihs Rl dataydesntdhigt faydistéa bonat e;
di ret hyl ketone; ~acetic acid; and m xtures thereof. 40. The nethod of claim
39, whérein 9%%%@?5@&&@@1%11%%1%% eedstock 5 conprises nethanol or
di rethyl ether. 41. The nmethod of claim40, wherein the
oxygenat e- cont ai ni ng feedstock conprises nmethanol. 10 42. The nethod of
cl ai m 25, whét.ei nThéiensthdd ofil dgins 48y evhieeim the idxiygaateicontining Sfebdt ek
nol ecul ar si eve sel ected 1from t he group consisting of SAPO 5, SAPC 8,
SAPO- 11, SAP@I&@}SGSW@%}? r 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,
nmetal containing forns thereof, m xtures thereof, 15 and intergrow hs
t heredf. 43:4Xhe TWht howtlefd céfaidainl, 2vhewkdraint hthe sinhdlemddrundievephiss phat e
nol ecul ar si.eve.is. SAPO- 34 or SAPO 18. 20 44. The t hod of cl.aim43,
Wherei n ¢ he. STFLURITTRPTBRHGIHE BetDe bt SFSFC 7oy i S RpEI gDt The
net hod of cl ghr028, SAWEIRSSAP(Ie], BAEENE! SAPONTAIIHNY-18ESAPOORK 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,

15 and intergrowths thereof.

43.  The method of claim 42, wherein the silicoaluminophosphate molecular

sieve is SAPO-34 or SAPO-18.

20 44.  The method of claim 43, wherein the silicoaluminophosphate molecular
sieve is SAPO-34.

45.  The method of claim 25, wherein the oxygenate-containing feedstock is
contacted ‘with the silicoaluminophosphate catalyst at a temperature ranging from

25 200°Cto 700°C.

46.  The method of claim 25, wherein the oxygenate-containing feedstock is
contacted with the silicoaluminophosphate catalyst in a reactor at a gas superficial
velocity of at least 2.0 meters per second.

30
47. A method of inhibiting catalyst coke formation in the manufacture of an

olefin-containing product, comprising:



contacted with the silicoal um nophosphate catal yst at a tenperature ranging
from 25 200C to 700C. 46. The nmethod of claim25, wherein the

oxygenat ewomawed4mi ng feedstock is contacted with the PCT/US02/15967

si licoal um nophosphate catalyst in a reactor at a gas superficial velocity
of at least 2.0 neters per second. 30 47. A nmethod of inhibiting catalyst
coke formation in the manufacture of an38olefin-containi ng product,
conprising: WD 03/004444 PCT/ US02/ 15967 -38 contacting an

oxygenat e- cont ai ng@idadiRgdst ek Wdxgénatsédrtgigiaun magRRsRhat evifiol ecdl ar
sieve catal yst at an average reactor tenperature of from 350C to 550C,

separati ng t sidicedleminepbesphalemelgeyarsiryetcatalyshit dneaveragargestor tgnpyaiuieng at
| east a porti of sepppat ed catalyst to a tenperature of from 300C to
325C, and bengvo?hSeSbliatgteorgge teactor tenperature; and contacting the cool ed

portion of the catéarsinghd blefifidbhiamived prodyddivat the ca@bisgi ni ng, wherein the
cool ed portion of the catalyst has not been regenerated prior tq contact
with tHe addition&polingaidsast 2peban af Hiergrataied shighist torptermeraiie ofEiORbd of

clai m 47, whep@iioe eRiBLAGknendkGal BhishRberERRIAG ed  at a gas

superficial velocity o east ers per second. 49. The nethod of
cl ai m 47, wher ei ncortectimgothe ccopledt partiomfof tthe catalyatl with ddditmnal dfydepatst 10C

| ower than the average reactor tepperature, 50. The method of claim49,
wherei n the ESURBEESPETSR &7 cﬁﬂ%wygftth? Saafyst ﬁ%’sagfet & P Ehan t he
average reachp: {RIRAEAKIA fhe AlitRvhal eftRd-BOHaiRfngGbstcR0, wherein the

cool ed portion of the catalyst Is at east 30C | ower than the average
reactdO tenperature. 52. The nethod of claim47, wherein a portion of the

t ed t al i at , dt t al t ]
conbl ned w ¢ At e TEb SteUlpar arigh® b ian i rRaRam G FER FoYREE i ng
W th the addihid eRap@RBERAbEEOMtdasi NI mt@s Pért R6dnd.

49.  The method of claim 47, wherein the cooled portion of the catalyst is at

15 least 10°C lower than the average reactor temperature.

50.  The method of claim 49, wherein the cooled portion of the catalyst is at

least 20°C lower than the average reactor temperature.

20 51.  The method of claim 50, wherein the cooled portion of the catalyst is at

least 30°C lower than the average reactor temperature.

52.  The method of claim 47, wherein a portion of the separated catalyst is
regenerated, and the regenerated catalyst is combined with the cooled portion of
25 the catalyst prior to contacting with the additional oxygenate-containing

feedstock.



