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of world ethylene consumption goes into making polyethylene for such

15 products as plastic films, containers, and coatings. Other uses include the
production of vinyl chloride, ethylene oxide, ethylbenzene and alcohols.
Propylene is another important raw material. In 1998 about 46
million tons of propylene were produced, and demand is expected to reach
60 million tons by 2003. About 55% of the world consumption is directed
20 to the production of polypropylene. Other important end products include
acrylonitrile for acrylic and nylon fibers, and propylene oxide for
polyurethane foams.
Butylenes are useful in preparing a wide variety of derivative end
products. Examples of such end products include gasoline alkylate and
25 ethylene-butylene (EB) copolymer. Butylenes are also used as chemical
building blocks for larger hydrocarbons. These hydrocarbons find such
applications in fuels, lubricants, and specialty chemicals, e.g., plasticizers
and solvents.
Ethylene, propylene, and butylene have been traditionally produced
30 by either catalytic or steam cracking of a petroleum feedstock. As the cost
of petroleum steadily increases it will be important to find alternative
feedstock sources for producing these olefins. Oxygenates are a potential



feedst ock sources for producing these ol efins. Oxygenates are a potenti al
WO 02/ 068364 PCT/ US01/ 43653 2 useful alternative to petroleumfor
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products or olefin pro enzene uene a para xyl'ene are
preferred arsigw# i c pronoters. Ethylene, propylene and butenes are
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et hyl ene andgspssaRibI€ o akmAdth olefin product as possible. Various methods of
15 doing such have been suggested. For example, U.S. Patent No.
4,677,242 describes a method of increasing the amount of ethylene and
propylene produced from the catalytic conversion of methanol by adding
an aromatic diluent to the methanol. The catalyst that is used in the
process contains a silicoaluminophosphate molecular sieve. The use of
20 the diluent is said to result in an increase ethylene selectivity.

U.S. Patent No. 4,499,314 also discloses a catalytic process for
converting methanol to ethylene and para-xylene. The catalyst that is
used is a zeolitic molecular sieve, ZSM-5. Promoters are used to promote
either the formation of aromatic products or olefin products. Benzene,

25 toluene and para-xylene are preferred aromatic promoters. Ethylene,
propylene and butenes are preferred olefin promoters.

Silicoaluminophosphate molecular sieve catalysts are particularly
useful catalysts for making olefins, such as ethylene and propylene, from
oxygenate compounds, such as methanol. However, improved process

30 conditions are needed to increase the production of ethylene and/or
propylene, as well as butylene if an oxygenate feedstock is to replace or



oxygenat e conpounds, such as nethanol. However, inproved process 30
conditions are needed to increase the production of ethylene and/or
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15 ethylene to propylene to butylene in the olefin product.

The method for increasing ethylene, propylene, and/or butylene
production in an oxygenate to olefin process includes contacting a
molecular sieve catalyst with an oxygenate, preferably methanol, to
convert a portion of the oxygenate to an olefin product; separating the
20 catalyst from the olefin product and directing a portion of the separated
catalyst to a regenerator; contacting, in an alcohol contact zone, the
. regenerated catalyst with an alcohol, selected from the group consisting of
ethanol, 1-propanol, 1-butanol and mixtures thereof; and directing the
alcohol contacted catalyst from the alcohol contact zone to an oxygenate
25 conversion zone. The method may further include separating hydrocarbon
produced in the alcohol contact zone from the alcohol contacted catalyst,
and adding fresh catalyst to the alcohol contact zone.
The molecular sieve catalyst used in the invention contains SAPO
molecular sieve selected from SAPO-5, SAPO-17, SAPO-18, SAPO-20,
30 SAPQO-34, SAP0O-44, SAPO-56, the metal containing forms of each
thereof, or mixtures thereof. Desirably, the temperature of the alcohol



and adding fresh catalyst to the al cohol contact zone. The nol ecul ar sieve
catal yst used in the invention contains SAPO nolecul ar sieve selected from
SAPO 5, SAB@2038366APO- 18, SAPO- 20, 30 SAPO 34, SAPO 44, 3SaP@H6436she et al
containing forms of each thereof, or Wixtures thereof. Desirably, the
tenperature of the al cohol WD 02/068364 PCT/USO1/ 43653 4 contact zone w ||
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the ability to vary the production ratio of ethylene to propylene to
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Detailed Description of the Invention

This invention is directed to method of making ethylene, propylene,

15 and butylene from an oxygenate feed. The invention provides the ability to
vary the production ratio of ethylene to propylene to butylene in an
oxygenate to olefin conversion process. The ability to vary this production
ratio is important given the tight market dynamics of ethylene, propylene,
and butylene demand. For example, if the spot demand for propylene is

20 high, the process can be altered to produce additional propylene.
Conversely, if the spot demand for ethylene is high, additional ethylene
can be produced. The production ratio of ethylene to propylene to
butylene can be adjusted with little, if any, downtime in production. No
catalyst change is required and very little, if any, change in operating

25 conditions is required.

The invention provides a process for increasing the production of
ethylene, proplyene, and/or butylene by contacting all or a portion of
regenerated catalyst with an alcohol feed in an alcohol contact zone prior
to directing the regenerated catalyst to an oxygenate conversion zone.

30 Fresh catalyst may also be directed to the alcohol contact zone prior to
contacting the oxygenate feed. Fresh catalyst is defined as catalyst that



et hyl ene, proplyene, and/or butylene by contacting all or a portion of
regenerated catalyst with an al cohol feed in an al cohol contact zone prior
to di rectwog2tobsses egener at ed catal yst to an oxygenate conwvergison4mene. 30
Fresh catal yst may al so be directed té the al cohol contact zone prior to
contacting the oxygenate feed. Fresh catalyst is defined as catal yst that
WO 02/ 068364 PCT/ US01/ 43653 5 has yet to contact oxygenate in an oxygenate
conver si on -hesotedto cofageoeygenate marab)yyg,eriaﬁe defiversidnasactaral yst that has
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contact zone may be separated from the al cohol -contacted
15 weight methanol and from about 70% to about 99% by weight ethanol.
A portion of the ethanol that contacts the catalyst is converted to
olefin, primarily to ethylene. In the alcohol contact zone, greater than
about 85%, preferably greater than about 95% of the ethanol is converted
to ethylene. As a result, the ethylene produced in the alcohol contact zone
20 adds to the overall ethylene productivity. The alcohol-contacted catalyst is
then directed to the oxygenate conversion reactor. The olefin product
produced in the alcohol contact zone is also directed to the oxygenate
conversion reactor. Alternatively, a portion of the olefin product produced
in the alcohol contact zone may be separated from the alcohol-contacted
25 catalyst prior to the catalyst being fed into the oxygenate conversion
reactor.
Preferably, to optimize the production of propylene, the alcohol feed
to the alcohol contact zone will contain greater than about 70% by weight
1-propanol. In other instances it may be desirable to use a 1-
30 propanol/methanol mixture as the alcohol feed. The alcohol feed will
contain from about 1% to about 90% by weight methanol and from about



25 catalyst prior to the catalyst being fed into the oxygenate conversion
reactor. Preferably, to optimze the production of propyl ene, the al cohol
feed to wbaeabssehol contact zone will contain greater thacTalsout3c3H% by
wei ght 1-propanol. In other instances it may be desirable to use a 1 30
propanol / met hanol m xture as the al cohol feed. The al cohol feed wll
contain fromabout 1 %to about 90% by wei ght net hanol and from about WO
02/ 068364 PQTs tixabodB8HA byowéaight o-propariol O Frefeyabig) thietaldohw! dgechwiil.
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90% by wei ghilsoresmensrtiaiydaluedolefieut 1 % to about 15 99% by wei ght
1-butanol. Preferably, the alcohol feed w|| ntain from abou %to
about 1&0% by wei difefarablyateoPrtipige the progyistion 8&4&’39%6%@ g]@g% @éwel ght

1- but anol , r f i 9 9 ) L”% met hanol
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propyl ene, aHnbuho%ito A65GtIIV%EBY WeidmbthameNi®d frefh Aout 1% to about
15 99% by weight 1-butanol. Preferably, the alcohol feed will contain from
about 1% to about 60% by weight methanol and from about 40% to about
99% by weight 1-butanol, more preferably from about 1% to about 30% by
weight methanol and from about 70% to about 99% by weight 1-butanol.
A portion of the 1-butanol that contacts the catalyst is converted to olefin,
20 primarily to butylene. In the alcohol contact zone, about 40% to about
60% of the 1-butanol is converted to butylene, about 20% to about 30% is
converted to propylene, and about 10% to about 20% is converted to
pentenes, which are also commercially valued olefins.
The alcohol feed to the alcohol contact zone may also contain
25 mixtures of methanol, ethanol, 1-propanol, and 1-butanol. For example,
the alcohol feed may contain from about 1% to about 90% by weight
methanol, from about 5% to about 90% by weight ethanol, from about 5%
to about 90% by weight 1-propanol, and from about 5% to about 90% by
weight 1-butanol. The greater the proportion of ethanol in the alcohol feed
30 results in additional ethylene in the olefin product. Conversely, a greater
proportion of 1-propanol in the alcohol feed results in additional propylene



pent enes, which are also comercially valued ol efins. The al cohol feed to
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conposi t i onEtnhhditontains two CH, groups or 61% by weight CH,. 1-propanol
15 contains three CH; groups or 70% by weight CH,. 1-butanol contains four
CH; groups or 76% by weight CH,. Accordingly, the alcohol feed will
contain sufficient amounts of CH; to satisfy the catalyst feed to the alcohol
contact zone for each of the stated ranges.
The alcohol feed in the alcohol contact zone may also contain one
20 or more inert diluents. As defined herein, diluents are compositions which
are essentially non-reactive across a molecular sieve catalyst, and
primarily function to make the alcohol feed less concentrated. Typical
diluents include, but are not necessarily limited to, helium, argon, nitrogen,
carbon monoxide, carbon dioxide, water, paraffins (especially the alkanes
25 such as methane, ethane, and propane), aromatic compounds, and
mixtures thereof. The preferred diluents are water and nitrogen. Water
can be injected in either liquid or vapor form.
It is to be understood that due to the hydroscopic nature of
methanol, ethanol, 1-propanol, and 1-butanol, water may be contained
30 within these alcohols without significantly affecting the advantages of the

invention. The amount of water or the diluents in the alcohol feed is



are essentially non-reactive across a nol ecul ar sieve catal yst, and
primarily function to nake the al cohol feed |ess concentrated. Typi cal
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or m Xtures present in the oxygenate feedstock. As defined herein, hydrocarbons
15 included with the feedstock are hydrocarbon compositions which are
converted to another chemical arrangement when contacted with
molecular sieve catalyst. These hydrocarbons can include olefins,
reactive paraffins, reactive alkylaromatics, reactive aromatics or mixtures
thereof. Preferred hydrocarbon co-feeds include, propylene, butylene,
20 pentylene, C,* hydrocarbon mixtures, Cs* hydrocarbon mixtures, and
mixtures thereof. More preferred as co-feeds are C4" hydrocarbon
mixtures, with the most preferred being C4* hydrocarbon mixtures which
are obtained from separation and recycle of reactor product.
In the preferred embodiment, an auxiliary reactor is used as the
25 alcohol contact zone. Preferably, the auxiliary reactor is physically
separated from the oxygenate conversion reactor. Desirably, the auxiliary
reactor is a fluidized bed reactor operationally positioned between the
‘oxygenate conversion reactor and the regenerator. The auxiliary reactor is
capable of continuously receiving catalyst from the regenerator and
30 subsequently supplying the alcohol contacted catalyst to the conversion



thereof. Preferred hydrocarbon co-feeds include, propylene, butylene, 20
pentyl ene, C4+ hydrocarbon m xtures, C5+ hydrocarbon m xtures, and

m xt ur es wbhaermefic4 More preferred as co-feeds are C4+ hydr @caruson436ss xt ur es,
with the nost preferred being C4+ hydfocarbon m xtures which are obtained
from separation and recycle of reactor product. In the preferred

enbodi nent, an auxiliary reactor is used as the 25 alcohol contact zone.
Pr ef er abl y, reactoauXhé aaxkijiaryeeacior is slsploapablel dfyconsinpausly eecdivingn t he
oxygenat e cgnv rsi qn reactor. Desirably, the auxiliary reactor is a
fluidi zed b&® gt operationally positioned between the oxygenate

conversi on react @erfdpglly WhenStB8HESHP EonthBezane sl ArfhYxili&§TeaEtor Sthecapabl e
of continuously receiving catalyst fromthe re%enerat or and 30 subsequently

suppl yi ng t tkemaeedurs ofdbe raxtiaty eactarysll bedesshandhe éemiperatve ofthe68364

ot roue) Poee b RRGEsiorl BRcRi Ryl BB B PR fLe 8 AP BHET cont act
zone i s an aEdtbi RI30°CARSS Ban, infiste prefPaBIRIBAPE |63 tHam, Mmost brafebablygact or
will be less than the tenperature of the ~5 oxygenate conversion reactor.

Pref er abl y, 10R&Ctiesmpibant thecteotperataraakine axygenateccanversios 0€adtessint han, nore
preferably 80C Less, than,. nost preferably .100C |ess than, the.tenperature
b1 L he. oxy g ErPRELET s SEPOHIIETe LBt G Pey plute, g AT T CORBBUZRRRIS ¢ ho
tenper at ur e ficfn BRI TPLAo A 800-C ARG BrefélBI) IR HbCLE 9F0te gbout 500C
nore preferably from about 200C to 10 about 400C, nost preferably from
about I®250C taboabdédd° G063t préferatindtonv abyut 260°6) tocdbmlut 880t@ct zone in the

oxygenat e conversi on reg{ct'or % substitute, f%r the auxiliary reactor. The
oxygenat e conver éVi§fativelyc aprl | gopigehzenfpl heoxyaena ryeyeEsiednver si on

d i f i i th
zone and a gé’%téf:ha%/zé&'ﬂgtltu?é‘ﬁ)r tHé‘%hkiﬂQW&aiEg)z. %%g{%gﬁtaﬁta?&@fe@ﬁg In the

oxygenat e 15 conversSion reactor IS nea ntic
auxi l i ary r eeattor woulBthen aiompriselan oxygesats corversion lronelarshacontact act zone

S ese than hne L SIRGIGH f the'alodrdf cSAABERSHS RS b Re7On® O the
15 conversion reactor is nearly identical to that of the auxiliary reactor.
Generally, the temperature of the alcohol contact zone is less than the
temperature in the oxygenate conversion zone of the reactor. Preferably,
the temperature of the alcohol contact zone is about 50°C less than, more
preferably about 80°C less than, most preferably about 100°C less than,
20 the temperature of the oxygenate conversion zone. In a preferred
embodiment, the temperature in the alcohol contact zone is from about
150°C to about 500°C, more preferably from about 200°C to about 400°C,
most preferably from about 250°C to about 350°C.
The alcohol feed contacts regenerated catalyst, and optionally fresh
25 catalyst, in the contact zone at a pressure from about 20 psia to about
1000 psia. Preferably, the alcohol feed contacts the catalyst at a pressure
from about 25 psia to about 500 psia, more preferably at a pressure from
about 30 psia to about 200 psia.
The alcohol feed contacts regenerated catalyst, and optionally fresh
30 catalyst, at a weight hour space velocity (WHSV) from about 1 hr'! to about
500 hr'. Preferably, the alcohol feed contacts the catalyst at WHSV from



the tenperature of the al cohol contact zone is about 50C | ess than, nore
preferably about 80C | ess than, nost preferably about 100C | ess than, 20

t he tenpewatoanes3ed t he oxygenate conversion zone. | n a preCarusetd43653

enbodi ment, the tenperature in the al®ohol contact zone is fromabout 150C
to about 500C, nore preferably from about 200C to about 400C, nost
preferably from about 250C to about 350C. The al cohol feed contacts

regener at ed abautl st to abdubbtA0 brisimagrefpretenablg &t @tV S\ froni abautel kont act

zone at a pressure m a 20 i a,1o abou 100Q psia. Preferably, the
al cohol feeﬁ@@ﬁp%{"é?‘f he%’i%glﬁlggﬁ%ﬁd éer&"é% %Wel'g(}ﬁrﬂ?%w&"agg_ psia to
about 500 psbéd ofBIcBhBI fREQT R/ ¥r ﬁ%dr@cﬁfb%ﬁs\ﬂlﬁiéhfrﬁ%pﬁ&%ﬁl bednRARELa to about
200 psia. The al cohol feed contacts regenerated catal yst; and optionally

fresh 30 cdeed per hoar par weigiitof Heumotgsailas sievecedntent affise)catalysh about 1 hr!
to about 5 hr' . . Pref I t | coh fe ont.act,s t.h fal yst at
Wsv 1 om WIS aR s S BbA pltsr BEaanEY U8MalrbBfhet RiFefeS Wit 8L by
more pref er afris 6t ditueit;thé VOHBRS ¢hiclidied on the walightibdels bf the WHSV i s
defined herein as the weight of oxygenate feed or al cohol feed, and/or

hydr ocar bon oxMgematady aiganiobfrad, gndanymydrecarbes avhigemaydis pigsentiei ght of
t he nol ecul %{nd.sthgYﬁﬂg?ﬂ\rﬁfigirevgfcpﬁ&‘?néif‘tr}ﬁh&%atal?st?eCause the catal yst or the

feed may contai n ot erral’s whic ct as” inerts or diluents, the WHSV
i s cal cul at ed on Theecatelygtthabssiseddh thisénventipgds ahe tbat intopoodte aed, and

any hydrocar whi ch may. be es and t he, nol ecyl ar sjeve contained in
tho ol ol y o SAHRENEEURS HievenTne SABOAHOlERul PV ARG 57 FE%ne that
i ncor por at egyiRendiBnSR(EroROBaY cAfsta i fifewdikStRAMP B SR AAIGH @R _cont ai ns

a three- dinensional mcroporous crystal framework structure of [SiO02],
[ Al02] and [PBapgjoroer skaringhtetriahgdrabuniihie Thalwaynbi is incirporaigd @ito ithe

o0 o e bAf peA R EE e PuS NG S8 i oM IR, o2
nol ecul ar  1Paiony gsPhis.|Ciarhi, 92! 3968 (1988)D Mhelhired SAPOMERSUIGVAS NVR,
wh s sieves will exhibit one or more peaks in the *Si MAS NMR, with a
chemical shift 8(Si) in the range of -88 to -96 ppm and with a combined
peak area in that range of at least 20% of the total peak area of all peaks
with a chemical shift 8(Si) in the range of -88 ppm to -115 ppm, where the
O(Si) chemical shifts refer to external tetramethylsilane (TMS).
20 It is preferred that the silicoaluminophosphate molecular sieve used
in this invention have a relatively low Si/Al; ratio. In general, the lower the
Si/Al; ratio, the lower the C4-C4 saturates selectivity, particularly propane
selectivity. A Si/Al; ratio of less than 0.65 is desirable, with a Si/Al, ratio of
not greater than 0.40 being preferred, and a Si/Al; ratio of not greater than
25 0.32 being particularly preferred. A Si/Al; ratio of not greater than 0.20 is
most preferred.
Silicoaluminophosphate molecular sieves are generally classified as
being microporous materials having 8, 10, or 12 membered ring structures.
These ring structures can have an average pore size ranging from about
30 3.5 angstroms to about 15 angstroms. Preferred are the small pore SAPO

molecular sieves having an average pore size of less than about 5



chem cal shift b(Si) in the range of -88 to -96 ppmand with a conbi ned
peak area in that range of at |east 20% of the total peak area of all peaks
with a chwoiocabs3shi ft b(Si) in the range of -88 ppmto - 1PETaAN/4368%re t he
6(Si) chemi cal shifts refer to externdl tetranethylsilane (TM5). 20 It is
preferred that the silicoal um nophosphate nol ecul ar sieve used in this

I nvention have a relatively low Si/Al2 ratio. In general, the | ower the

Si/AI2 rati @ngsfnemlsppmferra)tody ﬂia@rasgetpmesm rsaagmgﬂrmfrintabowarfi icularly
propane selectjvity Al 2 rati ' esirable, with a

D e s ats GREBIrOmSHO Abatt SANGRGATS, AOrBETclaraR e e ShoUeh s & A 1atio
of not greata‘ﬁﬁsfr&%@ abouP te4, zbﬁ%s@r tPﬁHl'C@ferY/ fweerfn%rerc%gqh r fevd g2 ratio of

not greater than 0.20 is nost erred. Silicoal umno osphate nol ecul ar
si eves are genemjahtyorcwib dhisimeension Wik haye Biroemberedisngsit eri al s having 8,

0, 2 mber ed ' / an _h
average por i 25" SNGRkcrIETBRANoS RS a'URust BHESS BORRRRE 15 ° °"

angstrons. lﬁﬁ&é&lé?ﬂaﬁfewdrh%fémlelr sﬁ@i’ﬁ?/\%%@% (szgcaﬂdé{lrb gmémyli ng an
average pore size of |ess than about 5 68364 PCT/ USO1/ 43653 11

angstrons, pndserlais f;vparoféﬁam%mr ke eHectivedn canyerinor vasieusyygenatss
angstrons t ronms, nore preferably fromabout 3.5 angstrons
about to 4. %‘@ C@E gro%g artlcul arly, the nol ecular sieve used in

conj unction wit hTtHel [P O htetrahedral winits withirett? franmeavoeki structgee obthen gener al
si | i coal um nophosphat e nol ecul ar si eve mol ECL#| ar framework of

cor nefl shar ,m@ef:lgaogpve[omrm}nvegﬁgn [‘3P[3§ﬂe Re &rdléﬁﬁzy?%waﬂ%% This type of
L Soeers RTBInSS SRR s psp RS SEa R 2 1
10 ol ecul anndludaevphosﬁphdncaaold),\mgahiorpmaphbmsmwhi@etdetnyl phosphatey of
phosphor | o 0A OB IEANORPRRGSp LRI KRB IS T CRRBSPRareare and
al um nophosphirk& vith reacOSIREEH a8E afthihahNEddamMEPesmbbsifiengURder
15 the appropriate conditions to form the molecular sieve.
The [AIO,] 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
20 aluminate, and pseudoboehmite. The aluminum-containing compositions
are mixed with reactive silicon and phosphorus-containing compositions
under the appropriate conditions to form the molecular sieve.
The [SiO;] tetrahedral units within the framework structure can be
provided by a variety of compositions. Examples of these silicon-
25 containing compositions include silica sols and silicium alkoxides such as
tetra ethyl orthosilicate. The silicon-containing compositions are mixed
with reactive aluminum and phosphorus-containing compositions under
the appropriate conditions to form the molecular sieve.
Substituted SAPOs can also be used in this invention. These
30 compounds are generally known as MeAPSOs or metal-containing
silicoaluminophosphates. The metal can be alkali metal ions (Group |A),



m xed with reactive silicon and al um num cont ai ni ng conposi tions under 15
the appropriate conditions to formthe nol ecul ar sieve. The [AlI 02]

t et r ahedrwb oansg3s4 Wit hin the franework structure can be pPCoMiSdeadoby a
vari ety of conpositions. Exanples of t2hese al um num cont ai ni ng
conpositions include al um num al koxi des such as al um num i sopropoxi de,

al um num phosphat es, al um num hydr oxi de, sodi um 20 al um nate, and
pseudoboehmidlialingélearthl metah ionso@rbap rliim)gaweprtbilcbmS)(Grou@rIHBnirvc&djirwg' th

reactive siljcon and ph hor us- ontalnln ositiaons er . the
appropriate 'E%%d\ tﬂ@'ﬁﬂge&fﬁ?@?nﬁaﬂ YER. §@u‘ %‘?R—S} Y, nggﬂf“%’t r ahedr al
uni ts w thingy n'i %m&ﬁphq ya'aksﬁﬁ.u t@rBﬂmt?ed FQLAE Roliudh, \ebiuRt Y of

conposi ti ons. l'es 0 ese Si con 25 co tal ni ng conp05|t|ons i ncl ude
silica sols tlaluiwmlyttemblum andk tetilen; amd:acawlumelrr)atrmnwﬁnd)meho& |icate. The

silicaon-cont Sit ) m ] I d
hospror us- coianl FETatam beeraSreve, {5 uBrhe: YR AR T ons <o
form the nol ecul Frefdramg; th%LMétre;sﬂefs@ﬂts%%B% StRh 2 28, M%Em\eokol Nithis

i nvention. These 30 conpounds are generally known as APSCs or

met al - cont aiGa.rfeg, Tdi 46, &Qaﬁmﬁﬂdiﬁfos ctomsreanie Hiseelgd imte thekal i net al
(Goup 1A ekl fendRanttyondh SRAHCar Rtdnel St TR TG O
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atons can béncmpératied dfrhh@mdial cma@ﬂé&hﬂpidallammmpiishﬂd)a@hngtlpe\/eOZ]
t et r ahedr al u

r ahed un arries net electric
char ge. depe M ALCARPORE VAR AHFRS At BeholhuEhaieif” JTRfiauRft:  Wien ¢ he
netal conporghthedaSion ék@h@ﬁéj@caﬁbﬁjoeoé)ﬁsét? +3, +4, +5, or +6, the net
el ectric charge is between -2 and +2 :

15 Suitable smcoalumlnophosphate molecular sieves include SAPO-5,
SAPO-8, SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-31,
SAPO-34, SAPO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-
42, SAPO-44, SAPO-47, SAPO-56, the metal containing forms thereof,
and mixtures thereof. Preferred are SAPO-17, SAPO-18, SAPO-34,

20 SAPO-44, SAPO-47, and SAPQO-56, particularly SAPO-17, SAP0O-18 and
SAPO-34, including the metal containing forms thereof, and mixtures
thereof. As used herein, the term mixture is synonymous with combination
and is considered a composition of matter having two or more components
in varying proportions, regardless of their physical state.

25 The silicoaluminophosphate molecular sieves are synthesized by
hydrothermal crystallization methods generally known in the art. See, for
example, U.S. Pat. Nos. 4,440,871; 4,861,743; 5,096,684; and 5,126,308.
A reaction mixture is formed by mixing together reactive silicon, aluminum
and phosphorus components, along with at least one template. Generally

30 the mixture is sealed and heated, preferably under autogenous pressure,

to a temperature of at least 100°C, preferably from 100°C to 250°C, until a



I ncorporation of the nmetal conponent is typically acconplished adding the
nmet al conponent during synthesis of the nol ecul ar sieve. However, post-
synt hesi swoan/oessehange can al so be used. 15 Suitable sili ecalusoi/msphosphat e
nol ecul ar sieves include SAPO-5, SAPGB-8, SAPO 1 1, SAPO 16, SAPO 17,

SAPO- 18, SAPO 20, SAPO 31, SAPO 34, SAPO 35, SAPO 36, SAPO 37, SAPO 40,
SAPO- 41, SAPO- 42, SAPO 44, SAPO- 47, SAPO 56, the netal containing forns

t hereof, amdystalihe pesduds & fooinedPiFeirmatienl ofithe GABRIIIhe/pro8ABI@an BkeSAPO- 34,
20 SAPO 44, SAP%} 47, and SAP%SG, rt)articul arl)é SAPO- 1 7, SAPO-1 8 and

SAPO- 34, i n@WNREE frAB #ROUAA ZRAHTSIAPRGNYYL 7S 2HRFKSo 1IN SOME RASE%r es

thereof. As sggrﬁg; d&eg&!cﬁhg WtR crdtanine ¥iateBalivwill SIS olhnbiiort Bffipienat i on

and i s consi a conposition of matter having two or nore conponents in
varyi ng propoediuains, regardl ess of their physical state. 25 The

crysta |1 zation rabrely DedaeRiiof RS b PR bBTo L Myt Bt U s
Pat. Nos. 4,c44be3retovéreddy sthddard MBanSStichaidbypcdmfifdfiiion of reaction

m xture is formed by m xi ng together reactive silicon, alum num and
phosphor us di8riomenthe PEIdyRECaR alsodie Washad, saeovesas byiséandasdaneansy 30 t he
mxture is %%?’I&%qand heat ed, preferably under autogenous pressure, to a
tenperature of at l'east 100C, preferably from1 00C to 250C, until a WO
02/ 068364 PCT/ USNY 4 &t of tRe crystalbiddtiomeprpcesh) the recdveredkdievéor mati on of

the crystalline product can tak nywhere fromaround 2 hours .to as mnuch
as 2 Wbeks. cPpta |tggvslg%pore§tqt?qqsie RptieRg ‘W%ﬁﬂe&%'ﬁlr‘i‘?W@g mat eri al

wil T faci|itgd ﬁliﬁl?gééﬁgdm%u“r.e‘?fmé‘ﬁysﬁﬁl%ﬁ?uct&é‘éﬁ%bﬁﬁél&)}b’wr& mol ecul ar

si eve product w in sol ution. can recover by standard
means, such aasuty thectemplétegand dme tamplatd muat beremowed po dhlatdhecan al so be

e 1 NG Kt A v 3Pl 6o B Brfst b of the
removed, the crystalline structure that remains has what is typically called
15 an intracrystalline pore system.

In many cases, depending upon the nature of the final product
formed, the 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

20 essentially combusted, in the presence of an oxygen-containing gas, by
contacting the template-containing sieve in the presence of the oxygen-
containing gas and heating at temperatures from 200°C to 900°C. In
some cases, it may be desirable to heat in an environment having a low
oxygen concentration. In these cases, however, the result will typically be

25 a breakdown of the template into a smaller molecular fragments, rather
than by combustion. This type of process can be used for partial or
complete removal of the template from the intracrystalline pore system. In
other cases, with smaller templates, complete or partial removal from the
sieve can be accomplished by conventional desorption processes such as

30 those used in making standard zeolites.



10 contains within its pores at |least a portion of the tenplate used in
making the initial reaction m xture. The crystalline structure essentially
wraps arwond/otdse4 t enpl ate, and the tenplate nmust be renowed/so1/uieas t he
nol ecul ar sieve can exhibit catal yticldactivity. Once the tenplate is
renmoved, the crystalline structure that remains has what is typically
called 15 an intracrystalline pore system In many cases, dependi ng upon

t he nature of thd&hkineattigor mikdote cdrocomddin ariecot mope tereplatgs.be too large to

P ol . e A TEEE bl RS S e T,
tenpl ate canithsyernbhbgsbrug! odReRs eaibiohzhidrogBtn B @npiBrish heresgence  of

an oxygen-contal ning gas, by contacting the tenplate-containing Sieve in
t he presenc@ndfcantaisoxggiain atleasbong alfylersaryharonpawithd tet8 canpeesat ures from

200C to 900¢. .In QnE. e i I.r ahl h i n.environment
havi ngso a l oﬁe'n&(‘f/"&éﬁﬂ@é}ﬁﬁéﬁﬁ?yépf 8&?&‘%%( ﬂ@@éu%gsoié@g%&ﬁéf&tgnﬁ%% esul t
will typicalday preddde miiuraksiaifereht §iBeed enpletiotnihaitly éné BRVbavhgral ecul ar
fragnents, rather than by conbustion. This type of process can be used for

partial or oPgripMplateiemeVvastrenglyirecting (hanamotbai-t he intracrystalline pore
system In ot herReéiﬁé?éwtaWé l%n?d@fe%%?&&%&?&i)e@ﬁ%l é?ﬂ%bﬁfn? s?ﬁs parti al

renoval fromthe I eve can be ‘acconplis onventi onal desorption
processes suwgblopentytarinesamirsedethyl cyplohexase apigeridineetriathy@amind) 02/ 068364

PCT/ US01/ 43653 . 14 The reaction i xture can contain. one. or re tenpl ates.
Tompl Bt es ackclohpydpting. nekad fyHiporiuiaate: Mpralyines rapRepmeal |y
contai n  ni {HPAGpyrRINS REEHrBBylafMYE8Ad coAbRtAtion8XHERBENPREfefre@OMDI NaL i ON

t hereof, and can also contain at |east one alkyl or aryl group, with 1 to

8 carbons 5 t¢raplateparsstsiethylaminee cydlehexybaminey pbipgriding, pyridingr es of two or
rent,si.eyves redom nantly

one-si cve. wiersoP BT e S B fuBRute obl bR AR e S iU ey
Repr esent at itgrebf "Phé tétfadtM@hktieoriginr skt hivdiudetatri eyl Sthmnmdnium
15 hydroxide (TEAOH), tetraethyl ammonium phosphate, tetraethyl
ammonium fluoride, tetraethyl ammonium bromide, tetraethyl ammonium
chloride, tetraethyl ammonium acetate. Preferred tetraethyl ammonium
salts are tetraethyl ammonium hydroxide and tetraethyl ammonium
phosphate.
20 The SAPO molecular sieve structure can be effectively controlled
using 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 SAPO structure for the conversion of oxygenates,
25 particularly methanol and dimethyl ether, to light olefins such as ethylene
and propylene.
The silicoaluminophosphate molecular sieve is typically admixed
(i.e., blended) with other materials. When blended, the resuiting
composition is typically referred to as a SAPO catalyst, with the catalyst
30 comprising the SAPO molecular sieve.



cycl opentyl am ne, am nonet hyl cycl ohexane, piperidine, triethylamne, 10
cycl ohexyl am ne, tri-ethyl hydroxyethylam ne, norpholine, dipropylamne
(DPA), pywidiznes3cs sopropyl ami ne and conbi nati ons thereof. pemafSer/masd3

tenpl ates are triethylam ne, cycl ohexid am ne, piperidine, pyridine,

| sopropyl am ne, tetraethyl ammonium salts, dipropylamne, and m xtures
thereof. The tetraethyl amoniumsalts include tetraethyl amoni um 15

hydr oxi de ( TEACHMatedalsawhinly lcarnrbedviendedwitb phenwledwar sievéghn bammoni um

fluoride, tetraethyl,K a njum bromi de, tetraethyl. ammonium . chloride,
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particularly methanol and _di methyl ether, to light olefins such as ethyl ene
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adm xed (i .84, | (=1 : the resulting
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30 conpri si rshidgltieg e Catatyst duting regeneratiod) debsiyiag de EeBlydand43653 15
Mater{ | s which can be bl ended wi&h th@ nol ecul ar sisve can be various
inert (&r catRFERrPgIoAAILSIRRgM & i§ Barliculgrly desirabie thatlie Nttt eri al s.

The_s e mat er irR4teriaRCthHOSreCBROBIthe %Bélﬁﬂ@@aéﬁaé@@lhéﬁhél%l@ﬁﬁ\% a %av S,
various forns of rare earth netals, netal oxides, other non-zeolite
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reducing, i i £Lai/g-oC to about 0.5 callg-°C.

15 Additional molecular sieve materials can be included as a part of
the 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,

20 CHI, DAC, DDR, EDI, ERI, GOO, KFI, LEV, LOV, LTA, MON, PAU, PHI,

' RHO, ROG, THO, and 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

25 are described in greater detail in the Atlas of Zeolite Structural Types,
W.M. Meier and D.H. Olsen, Butterworth Heineman, 3rd ed., 1997.
Preferred molecular sieves which can be combined with a
silicoaluminophosphate catalyst include ZSM-5, ZSM-34, erionite, and
chabazite.

30 The catalyst composition preferably comprises about 1% to about
99 %, more preferably about 5 % to about 90 %, and most preferably



alia, overall catalyst cost, acting as a thermal sink to assist in heat
shiel ding the catal yst during regeneration, densifying the catalyst and 10
i ncreasi ngoaaeddgst strength. It is particularly desirabl ecrhanisaiess i nert
materials that are used in the catalyst to act as a thermal sink have a
heat capacity of from about 0.05 cal/g-C to about 1 cal/g-C, nore
preferably fromabout 0.1 cal/g-C to about 0.8 cal/g-C, nost preferably
from ab?)ut dbolﬂ;t ¢a‘!/o/t|@-agbdélim 8ab Uty Weightafl thgleCulat sicA@di It iscaisd prefered| ar si eve
materials can be included as g part of the SAPO_catal yst, conposition or

t hey can be th&@ﬁ%ﬁ%ﬁ&%@%@m&a@ pagic %'Z%é’fﬁ'%?éo‘i‘t@oag%t?t ure with

t he SAPO catgly, ' S§ I nmol ecul ar

si eves that ar e%’t?i@a%ﬂﬁ éh‘?)ﬁérlphﬁﬁa:b?ﬁ@st 30}%@2%&5‘(8#{??%2';13@25%3&', AFT, APC,
ATN, ATT, Alprefavilyly Bbiut SASmM OHHowrdSCHIM. DAC, DDR, EDI, ERI, GOO, KFI,
LEV, LOV, LTA, N@l f.PAU PHlé RHO, R’SGP THO, ?d substituted fqrnms
thereot. Struct urdPiin PRAUCEEan be FERAFGH fromy FatlYst usigpawveifigpal - o

sui tabl e fOrméﬁr%.iF-"oﬁébia‘inﬂ)I@V&ﬁWeﬁﬂonélfﬁybldi‘@sW'othé@e_lpd}vﬂ'ﬁﬁn E&lieedTT, HEU,
FER, AFQO AEL, TON, and substituted forns thereof. These snmall and nedi um

pore mol eculcan bs wsadstopseparatedhe olefifeprodHcifremttae captagted catalst At | as of
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3ra ed, 108 P1Bua JeRanon SiokidtEorihe3BRtc oRlahEhis ieciBlbaEk o o) Nomn
si |'i coal um nig htsthirsldeedtaridys portionl ofdhe 2atdiyst iZ S &4d te i regeheratand

chabazite. 30 The catal yst conposition preferably conprises about 1 %to
about 10 99 oyfoneRke temaval.apl y about 5 % to about 90 % and nost preferably

10 2 o, TR g i W BB it

[ ha e catal yst conposition have a
particl e si Zmowh d3 cokeaboaumuateswithin thehpartesfaB® muotecutar siepe effbisabl y about
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must be removed by contacting the catalyst with a regeneration medium.

15 In the invention, a portion of oxygenate exposed catalyst is regenerated by
contacting the oxygenate exposed catalyst with a regeneration medium to
remove all or part of the coke deposits that accumulate within the pores of
the molecular sieve.

Any standard oxygenate conversion reactor system can be used,

20 including fixed bed, fluid bed or moving bed systems. Preferred reactors
are co-current riser reactors and short contact time, countercurrent free-fall
reactors in which an oxygenate feedstock can be contacted with a
molecular sieve catalyst at a WHSV of at least about 1 hr”', preferably in
the range of from about 20 hr'! to about 1000 hr™', and most preferably in

25 the range of from about 20 hr to about 500 hr™.

Preferably, the oxygenate feed, as well as the alcohol feed,
contacts the catalyst in the 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 phase or a mixed vapor/liquid phase, different

30 conversions and selectivities of feed-to-product may result depending
upon the catalyst and reaction conditions.



means. For exanpl e, conventional cyclones or other separation devices can
be used to separate the olefin product fromthe contacted catal yst.

Fol | owi ngweapasssbi on a portion of the contacted catal yst iPE€TdiSOeeisssl back
to the nethanol feed, and a portion ©ff the catalyst is directed to a
regenerator 10 for coke renoval. As the catalyst is exposed to the
oxygenat e, carbonaceous material known as coke accunul ates within the
pores of the nol ahel exygenateeconiersion pockresb-dsgd:rmrallyplae taaleddagdtiavat i on of
the catalyst. As a reéult t he coke nmoved b\éﬁcont acting the

Catalyst i M08 T AIEIHOSR ARSI AeTBEtNG OpRE TN SHPRH S 0GR G of
oxygenate expaRsH SRS I0abERETIRIE! Brbitiabl FROMPAANGOONE 19Xy genat e

exposed catalyst wth a regenerati on mediumto renove al part of the
coke deposi tabouh@00%s,quond preferablytfrom tabeupIv@EC tﬁabQUtéSS%Ceo&tlthe si eve. Any

standard oxygenate c rsion_reactor I ncl udi ng

1 xed bed JarceLar e itreL B Gin Mo Maia of fsiB6eited GPE0 "oy o
co-current Hr6@licts BBt BESonie tharkedly skt A€thel iipfor ereUsKtRecurrent free-fall
reactors in which an’oxygenate feedstock can be contacted with a nol ecul ar

si eve cat al yempgratarenangeothegproressmaysstforin ap optipusn emainyof n  t he range
of from abotﬁ,oé@dhr' to about 1000 hr', and nost preferably in 25 the range
of from abo to about 500 hr'. Preferably, the oxygenate feed, as

wel | as the al colftle freesure thmumoustﬁefwsoahailscsmaywatrylevmaa)Md@hase
Alternately, t he rocessrrgére carrledgi{ in ali Uld or a m xed
vapor)’q i qui daﬁ%s! cludingrautegenausquessyres. Edlectivg PiRRs f?ﬁ Mayik@iNg phase or a

m xed vapor i gl Hoﬁmsaﬁlggme?% 3%\’?&5&%‘ rSilreeheghbyq Ll es of

feed-to-product may result e catal yst and reaction
condi ti ons. psm M@B&&Mef&%lwﬁbl&&ﬁ%m A KPa). on‘}@armleescmnver si on

G footi ve ofbriIaY Sumepa hidier atyethalf palA A AR oSt o about
700C, pref er&?b&nétb%rﬂ&%&sé’tﬁ@@fb@eater than 20 psia (140 kPa). Preferably,
15 the oxygenate partial pressure is at least about 25 psia (170 kPa), more
preferably at least about 30 psia (200 kPa). For practical design purposes
it is desirable to op‘erate at a methanol partial pressure of not greater than
about 500 psia (3400 kPa), preferably not greater than about 400 psia
(2800 kPa), most preferably not greater than about 300 psia (2000 kPa).
20 It is desirable to strip at least some of the volatile organic
components which may be adsorbed onto the catalyst or located within its
microporous structure prior to entering the regenerator. This can be
accomplished by passing a stripping gas over the catalyst in a stripper or
stripping chamber, which can be located within the reactor or in a separate
25 vessel. The stripping gas can be any substantially inert medium that is
commonly used. Examples of stripping gas are steam, nitrogen, helium,
argon, methane, CO,, CO, flue gas, and hydrogen.
It is desirable in this invention that the catalyst within the conversion
reactor be maintained at a condition optimized for the selectivity to
30 ethylene and/or propylene. It is desirable to maintain the catalyst within
the reactor at an average carbon content of from about 1.0% to about



about 600C, nore preferably from about 350C to about 550C. At the 5 | ower
end of the tenperature range, the formation of the desired olefin products
may becormwormamkssddy sl ow. At the upper end of the tenper@carnsor/assge, the
process may not form an optinmum anmount8 of product. The pressure throughout
the systemal so may vary over a wide 10 range, including autogenous
pressures. Effective pressures may be in, but are not necessarily limted
t o, oxygenat2s5%byiweightp mess preferably freasabdut 336 ita apbuB1 &Ry wpight.er abl y at

| east 5 psii 34 kPa). The process is particularly effective at higher
oxygenat e paP Ofdgr tgraaingin this ayeiaggdevg of 62 %’?\éatﬁé)ffg'i %PO&O@S ure of

t th | y i tial
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pressure is at out 25 psia (17 a), nor eferably at |east
about 30 psisaregeoeraten) The-pertionaficatalystde begegpnerstetis preferablydesirabl e to

operate at a_net hapo rtial.pressure o t.greater tha bout 500 psia
(5500 Frn) . TodEidARR! yRRr A BRE HBERYS o Qtbirti FRaderb i easBVRb:) “O oot
preferably makingl £eamont dtititerstsTuéssIPANESWEY, PReFerdifnlessABaht1 .5 wtdpsi rabl e
to strip at least sone of the volatile organic conponents which nay be

adsor bed ont@dimestRietargbly legs thedat-Bavtwet hin its mcroporous structure
prior to enterl ngﬂrﬁ?@g@gﬁ;g?ﬂé catdist i§€%ht98ted%i§f?ﬁ%%§ﬁ&%tiﬁ% passing a

stripping gas ov In a-stripper or ng chanber, which
can be | ocatneedium domainivgy oxa@enaor athen oxidarstep &xatrepl@dof ethee bxidahes st ri ppi ng

o st Al ppi nd e o SBkeBr? MO N ReCrepa X USSR eato hissrass, 00
flue gas, ar@ésmsg@@zem-mbtfoﬂn%ﬂ #1 TAB!fir édh b RutcdMRN h%g%hawzh.e cat al yst

within the conversion reactor be maintained at a condition optimzed for
t he sel ect i wrtflyetgas3andistadne maybeladdegr Degirably, thet Op soniessitradiongnt o
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nore pref er ahd ¥rdgtiom st spdfkih therbpetit ckxféallivaet datalyst. The
15 deactivated catalyst also may be regenerated reductively with H,, CO,
mixtures thereof, or other suitable reducing agents. A combination of
oxidative regeneration and reductive regeneration can also be employed.
The coke deposits are removed from the catalyst during the
regeneration process, forming a regenerated catalyst. Typical
20 regeneration temperatures are from 250°C to 700°C, desirably from 350°C
to 700°C. Preferably, regeneration is carried out at a temperature of
450°C to 700°C. It may be desirable to cool at least a portion of the
regenerated catalyst to a lower temperature before it is directed to the s
alcohol contact zone. A heat exchanger located externally to the
25 regenerator may be used to remove some heat from the catalyst after it
has been withdrawn from the regenerator.
A preferred embodiment of the oxygenate to olefin conversion
process is shown in Fig. 1, with the reaction being carried out in an
oxygenate conversion reactor 10. Oxygenate is introduced into the
30 process through line 11. The oxygenate contacts catalyst from the alcohol
contact zone 12, which is shown in Fig. 1 as an auxiliary reactor. The mix



In order to maintain this average | evel of carbon on catalyst, a portion of
the catal yst that has been separated fromthe olefin product is directed to
a regenerwbDor/068Be portion of catal yst to be regenerated ipsTarSef/edeably 5
regenerated under conditions effectiv® to obtain a regenerated catal yst
having a carbon content of less than 2 wt.% preferably less than 1.5 w.%
and nost preferably less than 1.0 wt.% In the regenerator, the catalyst is
cont act ed widf Imatalystgmmetra& alooholmeitachzooet 1@ anchgxygernaée entersrdaatooxi dant s.
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reduci ng agesinpersturOwhenatdontacts the)esxyw”awfrbﬁglmmatlon and reductive
regeneration can al so be enpl oyed. The coke deposits are renoved fromthe

cat al yst dur| ng tAY Um’@g@tﬁérfﬁ? gndfor peeduct formed issaparatgeifamthel cat al yst .
Typi cal 8%%2& elﬁtsbggrattgﬂmfﬁgner@?oﬁrr @(efff@m@%gg gﬁria@ﬂ%e?ﬁs?' rably from

350C to 70 ferably, reg tron s car enperature of
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regen to a lower te I S dlglyf dtothe
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regener at or dEWNVIEd YESRE sbParftEO1E fSMRg Edéndd, AIIZR K& a*ruéfcaea‘l%s%r it has
been withdrawn fromthe regenerator. A"prefer red enbodi ment of t

oxygenat e t ¢s Hhesf lemauedvbraiginiineptdcess is shown in Fig. 1, with the
Leact o Del 19 C3iid Re 8o ok0u e RAEAG FERIBIRED BN ey gena o
contacts catGdmehtibhainepacatiinc@iahs 1808t¢chs atiygerie?andbidpylérie shown in Fig.
1 as an auxiliary reactor. The m x WO 02/ 068364 PCT/ USO1/ 43653
15 . fractionation units, are used to separate the desired olefins from the
hydrocarbon product. Additional separation units may be utilized to
remove various oxygenates, e.g., dimethyl ether, from the hydrocarbon |
product.
A portion of the catalyst from separator 14 is sent to regenerator 16
20 via line 17, where oxidation of the coke takes place. Any conventional
regeneration means can be used. Once oxidation is sufficiently complete,
the regenerated catalyst is directed to the alcohol contact zone 12. In the
auxiliary reactor the regenerated catalyst contacts the alcohol feed 20.
Fresh catalyst 22 may also be introduced to the alcohol contact zone 12.
25 One skilled in the art will also appreciate that the olefins produced
by the oxygenate-to-olefin conversion reaction of the present invention can
be polymerized to form polyolefins, particularly polyethylene and
polypropylene. Processes for forming polyolefins from olefins are known
in the art. Catalytic processes are preferred. Particularly preferred are
30 metallocene, Ziegler/Natta and acid catalytic systems. See, for example,

U.S. Patent Nos. 3,258,455; 3,305,538; 3,364,190; 5,892,079; 4,659,685,;



19 of catalyst fromthe al cohol contact zone 12 and oxygenate enters
reactor 10 where the oxygenate is converted to olefin product. Catalyst
t hat has wypassed t he regenerator 16 is al so added to thecoasyensmse vi a
line 19. Sone conversion to olefin nmay also occur prior to entering the
reactor 10 5 because the catalyst fromthe auxiliary reactor 12 is at an
el evated tenperature when it contacts the oxygenate fromline 11. Any

unr eact ed f e@7@68803,645092¢ 4,302 565 and 45243681 edn generd Hbeseat al yst i n

separator 14 b approprigte.filtering or, s ation ans. . Any
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be used. CydapdIpstsRRAPrRESIR MEtephdrafure éffediie fAfoRrhAE pRRi&Abl y flows
downward from separator 14, formng a dense, fluidized bed. The catal yst

i s then renmpfedudthr ough 1ine 13. Hydrocarbon product from separator 14 is
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particul arly pol yethylene and ol ygqrq?‘? | ene. Processes for formng
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15 formed from the olefins recovered therefrom. These include, but are not
limited to, aldehydes, alcohols, acetic acid, linear alpha olefins, vinyl
acetate, ethylene dicholoride and vinyl chloride, ethylbenzene, ethylene
oxide, cumene, isopropyl alcohol, acrolein, allyl chloride, propylene oxide,
acrylic acid, ethylene-propylene rubbers, and acrylonitrile, and trimers and
20 dimers of ethylene, propylene or butylenes. The methods of
manufacturing these derivatives are well known in the art, and therefore,
are not discussed herein.
This invention will be better understood with reference to the
following examples, which are intended to illustrate specific embodiments

25 within the overall scope of the invention as claimed.

Example 1
SAPO-34 catalyst, 0.3 g, 50% SAPO-34/50% binder, was added to

a fluidized-batch-recirculating (FBR) reactor at a gas-recirculating rate of
30 about 10 circulations per second. The catalyst was placed in a basket
bound by two sintered-porous metal disks. An impeller rotating at 6000-



U S. Patent Nos. 3,258, 455; 3, 305,538; 3,364, 190; 5, 892,079; 4,659, 685; W
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4,243, 691wolm/ogsaer al , t hese nethods involve contacting tPlog/usdoefiess pr oduct
with a polyolefin-formng catalyst atl a pressure and tenperature effective
to formthe polyolefin product. 5 A preferred polyol efin-form ng catal yst
is a nmetal |l ocene catalyst. The preferred tenperature range of operation is
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of the oxygenates with the fluidized catalyst particles. The 0.07 cm’

15 methanol provides a feed to catalyst ratio (based on CH, content in the
oxygenate) of 0.08/1. The reaction time was controlled by venting the
reactor gas, via an automated valve, passing a GC sampling valve to a
vacuum vessel at a preset time of one minute. The gas composition was
determined by GC analysis and is shown in Table 1 which provides

20 conversion and selectivity data.

Example 2.
An experiment identical to Example 1 was conducted using 0.05

cm?® of ethanol instead of methanol. The lower amount of ethanol used as

25 compared with methanol is to account for their density difference and
molecular weight difference. They both give a feed to catalyst ratio (based
on CH; content in the oxygenates) of 0.08/1. Table 1 shows the

conversion and selectivity data for ethanol conversion.

30 Example 3.



30 about 10 circul ati ons per second. The catal yst was placed in a basket
bound by two sintered-porous netal disks. An inpeller rotating at 6000 WO
02/ 068364wWB@2/06i804/ 43653 21 7000 rpmcircul ated the gas iPCTIUS®1/M3BEEt Or
fromthe top of the basket through t1e annulus space to the bottom of the
basket. The gas entered the bottom of the basket at a speed sufficient to
fluidize the catalyst particles. Catalyst particles were in turbul ent
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conposi tion anal ysis. The reactor was maintained at a nperature of about
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catal yst parddriversion Bl @efectiity taiacfel i Propandl.cORversbrireFigarahoss that there

are good contacts of the oxygenates with the fluidized catalyst particles.
[
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The 0.07 cnghedigharaiieneapdirierylane selgctivitycier fiephcatalysteonticied on cro2
content in t\pm,‘ %%pat e) of 0.08/1. The reaction tine was controlled by
venting the FeBCtor gas, via an autonated val ve, passing a GC sanpling
valve to a vacuumvessel at a preset time of one mnute. The gas
conposition was dei erm ned by GC analysis and is shown in Table 1 which
provi 4@s 20 :0n and selectivity data. Exanple 2. An experi nent

identical to Exang @Xé%mgng?@g?%;ﬁ%llmﬁjg@ge g:s%zcmc@éd 8&iRgmob4 | nstead of

met hanol . The Aower anount o 5 conpared With nethanol is
to account fam’ ohtibutatehiistgadiof methamot dhe lowtreampunt elei-putanel esed ence.

in the

They both give a feed to catalyst ratio S . on 2 nt ent
oxygenat es) %%C?fn%?%. W%m%ﬁir@ﬁ% a?“r?éﬁ‘?@%ﬁeav gFB%aﬂﬁggeéTc&qchi ty data
for ethanol merR¢arFvight difference. They both give a feed to catalyst ratio (based

15 on CH; content in the oxygenates) of 0.08/1. Table 1 shows the

conversion and selectivity data for 1-butanol conversion.

Table 1 indicates that fresh SAPO catalyst contacted with ethanol,
1-propanol, or

20 1-butanol in an alcohol contact zone possess relatively higher rates of
methanol conversion and higher ethylene, propylene, and butylene
selectivity, respectively, than SAPO catalyst contacted with methanol
under similar reaction conditions. Ethanol and 1-propanol produce much
higher C2~ plus C3™ selectivities, 99% by weight and 80% by weight,

25 respectively, compared to 66.5% by weight for methanol when fresh
catalyst is used. 1-butanol provides much higher butylene selectivities. A
significant amount of propylene is also produced. The alcohol contacted
catalyst is then directed to the methanol conversion reactor resulting in
improved methanol conversion and greater ethylene, propylene, and/or

30 butylene productivity.



30 Exanple 3. WD 02/068364 PCT/US01/43653 22 An experinent identical to
Exanpl e 1 was conducted using 0.043 c¢nB of 1-propanol instead of nethanol.
The | owerwamuontlcof 1-propanol used as conpared w th net PamaiSo1/3365®
account for their density difference 23and nol ecul ar wei ght difference. They
both give a feed to catalyst ratio 5 (based on CH2 content in the
oxygenates) of 0.08/1. Table 1 shows the conversion and selectivity data
for 1-propanol conversion. Fig. 2 showsTablled hi gher et hyl ene and propyl ene
selectivity for fresh catal yst cotated th propanol ng

experi ment igenti cal to Exanpl eM @E’ conifl/I %d ust Qp?°b4
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butyl ene pro uct|V|ty




WO 02/ 068364 PCT/ USO1/ 43653 23 Table 1 Methanol Ethanol 1 -propanol 1
-butanol Conversion 98.2 100 99.03 99.31 Methane selectivity, C 1.43 0.04
0. 03 0. 03woHRys3ene sel ectivity, C2= 25.32 99.0 1.47 119 PEThzH0E43653
selectivity, C2 0.23 0.12 0.02 0.02 Hropylene selectivity, C3 41.18 0. 22
78.70 23.64 Propane selectivity, C3 0 0 0 0O Butanes selectivity, C4 0.65
0.05 0.18 1.03 Butylenes selectivity, C4 15.53 0.44 11.06 55.84 (C5+
selectivity CIODAMSO0. 13 8.44 18.25 C2 plus C3 selectivity 66.50 99.22 80. 26
24.83 Having now fully described this invention, it will be appreciated by
those skilled in the art that the invention can be perfornmed within a w de
5 range of Rﬁhéﬂﬁt@i g ikhin what is claimed, wthout departing fromthe
spirit and scope of the invention. WO 02/ 068364 PCT/US01/ 43653 24 CLAINMS
What is claimed is: 5 1. A nethod of nmaking a product containing olefin

conprising: contacti L,0_an. 0x na ion z & mlecul ar sieve
catalyst with an xyggﬁmeéh?%%%ﬁégﬁta QPQ&@%W@@%B‘?”Q R@%ﬁﬁ&?{ﬁ to an

ol efin product; sRpEAINGNE dMexgfradtey sbnidreiontztheobeholecilapdiest and
directing a 10 portion of the separated catal yst to a regenerator;

cont acti ng, datalyst withc aRexygenatade cepyrrt atnastiongbtneraysgnate Wt with an

al cohol , Selﬁf&ﬁr?ﬂrgd’ugfn the group consisting of ethanol, 1-propanol, 1-
but anol , " and m xtures 't hereof; and

separating the catalyst from the olefin product and directing a
10 portion of the separated catalyst to a regenerator;
contacting, in an alcohol contact zone, the regenerated catalyst with
an alcohol, selected from the group consisting of ethanol, 1-propanol, 1-
butanol, and mixtures thereof; and '
directing the alcohol contacted catalyst from the alcohol contact

15 zone to the oxygenate conversion zone.
2. The method of claim 1 wherein the alcohol further comprises
methanol.
20 3. The method of claim 1 wherein the alcohol comprises 1% to

99% by weight ethanol.

4. The method of claim 2 wherein the alcohol comprises 1% to
60% by weight methanol and 40% to 99% by weight ethanol.

25
5. The method of claim 1 wherein the alcohol comprises 1% to
99% by weight
1-propanol.
30 6. The method of claim 2 wherein the alcohol comprises 1% to

60% by weight methanol and 40% to 99% by weight 1-propanol.



directing the al cohol contacted catalyst fromthe al cohol contact 15 zone
to the oxygenate conversion zone. 2. The nethod of claim 1 wherein the

al cohol fwotoh@ssseonpri ses nethanol. 20 3. The net hod of @caiurol/43her ei n
the al cohol conmprises 1 %to 99% by 2&i ght ethanol. 4. The nmethod of claim
2 wherein the al cohol conmprises 1 %to 60% by wei ght nethanol and 40%to
99% by wei ght ethanol. 25 5. The nethod of claim1l wherein the al cohol
conprises 1 %to 99% by weight 1 -propanol. 30 6. The nmethod of claim?2

wherein the al cohpl c rises %to ,6Q% b i ght et hanol 40% to 99%
by wei ght 1-pr opa720I. (Upd el /V%ﬁﬁ%%ﬁg@%ofﬁm?mpﬁﬁ@ﬁ%%d of
claim1 whergjop Hyhﬁei?h?oml conprises 1 %to 99% by weight 1-butanol. 5

8. The method of "claim 2 wherein the al cohol conprises 1 %to 60% by

wei ght net hatrbutamoetl 40% t o 99% by wei ght 1-butanol. 9. The method of claim
1 V\,hergai n the al cohol conprises at 10 | east 20% by wei ght ethanol, at | east
10% by~ wei ght 1-propanol, and the remaining percent by wei ght nethanol.

10. The nethod ofg.cl aiTREmERIEOICIAiRE2 WIRABRI the ;IO esmpirises @86 to 40% by
wei ght ethanol, at |east 10% by wei ght 1-pr opanol, and the 15 renaining

percent by RG%Hhy weightmethanpl and 8% tq A8 ki weidkit trlutaR@k ei n t he al cohol
conprises at |east 20% by wei ght ethanol, at |east 20% by wei ght
1-propanol, at least 10% by wei ght butanol, and the renmining percent by
wei ght net hanol . 9. The method of claim 1 wherein the alcohol comprises at

10 least 20% by weight ethanol, at least 10% by weight 1-propanol, and the

remaining percent by weight methanol.

10.  The method of claim 9 wherein the alcohol comprises at
least 40% by weight ethanol, at least 10% by weight 1-propanol, and the
15 remaining percent by weight methanol.

11.  The method of claim 2 wherein the alcohol comprises at
least 20% by weight ethanol, at least 20% by weight 1-propanol, at least
10% by weight butanol, and the remaining percent by weight methanol.

20
12. The method of claim 2 wherein the alcohol comprises at
least 20% by weight ethanol, at least 20% by weight 1-butanol, and the
remaining percent by weight methanol.
25 13.  The method of claim 1 wherein the molecular sieve catalyst

contains SAPO molecular sieve selected from the group consisting of
SAPO-5, SAPO-17, SAPO-18, SAPO-20, SAPO-34, SAPO-44, SAPO-56,

the metal containing forms of each thereof, or mixtures thereof.



20 12. The method of claim2 wherein the al cohol conprises at |east 20% by
wei ght et hanol, at |east 20% by wei ght 1-butanol, and the remaining

per cent bwoweiogdsb4 net hanol . 25 13. The nmethod of claim 1l waareEson4iche

nol ecul ar sieve catal yst contains SABO nol ecul ar sieve selected fromthe
group consisting of SAPO 5, SAPO 17, SAPO 18, SAPO 20, SAPO 34, SAPO 44,
SAPO- 56, the netal containing forns of each thereof, or m xtures thereof.
WD 02/ 068364 PCT/14501/ Ra6@ethaboficlain hevhareinczbnddctirigathe régemenaéedch

contacting the regenerated ,catalyst with the alcohgl c ri ses contacting
t he catal ystcai"f'l}’ﬁ_ I{t}éfﬁ;eglgpmlecom%m@ﬁetq%mggg%_caga%ﬁ_a?%]pe met hod of claim
1 further cqgﬁ{ggﬁétﬁ%ﬂFﬁp@soo@tJ5ﬁp@_ catal yst to the al cohol contact zone,

wherein the catal yst contacts the alcohol. 16. The method of claiml
wherein the oxygenate conprises 10 nethanol. 17. The method of claiml

V\/nereign t he al coh cant act ..zo & ils. ixz uxi | i arr\(.react or. A5 18. The

met hod” of claim 1 Furt m@él?&sf?s?ﬂ'a“ B ?{ﬁ%@p %?/Qi gecing e?‘noduced in

t he al cohol @payach theRfdhoPBbhtaet 2ried WHereifQRb A&isAE Ay S dbHitactd9. The

met hod of claim 1 wherein contacting the regenerated 20 catalyst with the

al cohol conghegéeoh@lidi ng from about 2% to about 60% by wei ght CH2 per
wei ght of catalyst. 20. The nethod of claim 19 wherein contacting the
regenerated catalyst with the al cohol conprises adding fromabout 2%to
about 20% by 25 1&i giTheli2thet ofvetaightl wirddrainythe .oxygenate comprises

10 methanol.

17. The method of claim 1 wherein the alcohol contact zone is

an auxiliary reactor.

15 18.  The method of claim 1 further comprising separating
hydrocarbon produced in the alcohol contact zone from the alcohol

contacted catalyst.

19.  The method of claim 1 wherein contacting the regenerated
20 catalyst with the alcohol comprises adding from about 2% to about 60% by
weight CH, per weight of catalyst.

20. The method of claim 19 wherein contacting the regenerated:
catalyst with the alcohol comprises adding from about 2% to about 20% by

25 weight CH, per weight catalyst.



